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Abstract: Multiple sclerosis (MS) is a chronic, progressive central neurological disease 
characterized by inflammation and demyelination. In patients with MS, dysregulation of 
the autonomic nervous system may present with various clinical symptoms including 
sweating abnormalities, urinary dysfunction, orthostatic dysregulation, gastrointestinal 
symptoms, and sexual dysfunction. These autonomic disturbances reduce the quality of life 
of affected patients and constitute a clinical challenge to the physician due to variability of 
clinical presentation and inconsistent data on diagnosis and treatment. Early diagnosis and 
initiation of individualized interdisciplinary and multimodal strategies is beneficial in the 
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management of autonomic dysfunction in MS. This review summarizes the current literature 
on the most prevalent aspects of autonomic dysfunction in MS and provides reference to 
underlying pathophysiological mechanisms as well as means of diagnosis and treatment. 
Keywords: multiple sclerosis; autonomic; orthostatic dysregulation; bladder; 
gastrointestinal; dysfunction 
 
1. Introduction 
In developed countries, multiple sclerosis (MS) is the most prevalent chronic neurological disorder 
in young individuals, affecting over 400,000 persons in the United States alone [1]. Autonomic 
nervous system disturbances including sweating abnormalities, urinary dysfunction, orthostatic 
dysregulation, gastrointestinal symptoms and sexual dysfunction are frequent complications that 
reduce the quality of life of affected patients [2,3]. Urogenital symptoms occur in the vast majority of 
all MS sufferers at some point during the course of the disease. Multimodal and interdisciplinary 
strategies of diagnosis and treatment of autonomic dysfunction can improve health and quality of life. 
While effective pharmacological and non-pharmacological therapies are available to alleviate several 
autonomic symptoms in MS, the underlying pathomechanisms have not yet been fully elucidated and 
causative treatment is still lacking [3–6]. Moreover, the way autonomic function should be 
quantitatively assessed in MS patients in clinical practice has not yet achieved a consensus which 
would allow for a standardized recommendation and help evaluate response to neuroprotective and 
disease-modifying therapies. This review summarizes the current literature on autonomic dysfunction 
in MS with a focus on pathophysiological mechanisms, diagnostic techniques and treatment strategies. 
2. Search Methods and Study Selection Criteria 
We performed a narrative review which intended to provide a summary of the literature and guide 
to the clinician. We searched MEDLINE using the PubMed interface. The text words “autonomic” and 
“multiple sclerosis” with the use of the Boolean operator “AND” were used to identify relevant studies 
that examined the association between autonomic disturbances and multiple sclerosis. In a first 
literature research we exclusively chose these two text words as well as the abbreviation “MS” and 
their corresponding Medical Subject Heading (MeSH) terms (“autonomic” AND “multiple sclerosis” 
OR “autonomic” AND “MS”) to ensure maximum coverage of all potentially eligible articles stored in 
the searched electronic database. Additionally, we performed a second literature search using the same 
electronic database using more specific MeSH terms to ensure coverage of all specific aspects our 
review focused on. For this purpose we established a search strategy using the following MeSH terms 
and their combinations: “multiple sclerosis” OR “MS” AND “autonomic”, AND “dysregulation”; 
“multiple sclerosis” OR “MS” AND “autonomic” AND “dysfunction”; “neurogenic lower urinary tract 
dysfunction” OR “NLUTD”; “neurogenic lower urinary tract dysfunction” OR “NLUTD” AND 
“multiple sclerosis” OR “MS”; “multiple sclerosis” OR “MS” AND “detrusor overactivity” OR 
“detrusor sphincter dyssynergia”; “multiple sclerosis” OR “MS” AND “cardiovascular” OR 
Int. J. Mol. Sci. 2015, 16 16922 
 
 
“orthostatic” OR “syncope” OR “POTS” OR “postural orthostatic tachycardia syndrome”; “multiple 
sclerosis” OR “MS” AND “gastrointestinal” OR “anorectal” OR “bowel” OR “dysphagia”, OR 
“sexual” OR “erectile dysfunction” OR “genital”; “multiple sclerosis” OR “MS” AND “sudomotor”; 
“sudomotor” AND “axon reflex”; “multiple sclerosis” OR “MS” AND “pupillomotor”. Additionally 
we combined those of the forementioned MeSh terms that refer to symptoms of autonomic dysfunction 
in MS with the MeSh terms “assessment” OR “diagnosis” OR “treatment” OR “therapy” using the 
Boolean operator “AND” to achieve coverage of papers relevant to diagnosis and treatment. We 
included epidemiological data, prospective controlled clinical trials, and retrospective database 
analyses conducted from 1953 to 2015. In addition, we manually searched the bibliographies of 
recently published opinion statements, reviews, and meta-analyses. 
3. Neurogenic Lower Urinary Tract Dysfunction 
3.1. Epidemiology 
Neurogenic lower urinary tract dysfunction (NLUTD) is a frequent complication of MS which 
reduces quality of life [7,8] and affects 360,000 MS patients in the United States alone [1,9]. Bladder 
dysfunction is among the most frequent neurological manifestations of MS. Other relevant 
neurological symptoms include motor dysfunction, cerebellar, brainstem, sensory, visual and mental 
impairment. The estimated prevalence of urinary symptoms varies depending on the duration and 
severity of neurological deficiency and disability [9]. A recent study found that 92% of 1047 MS 
patients reported at least one lower urinary tract symptom. The most common symptoms were post 
micturition dribble (64%), urinary urgency (62%), feeling of incomplete emptying (61%) [9].  
An ancillary analysis of the North American Research Committee on Multiple Sclerosis (n = 9702) 
reported that 65% of MS patients suffered from at least one moderate-to-severe urinary symptom 
(frequency, urgency, nocturia, leakage) [10]. In a meta-analysis of 22 published studies of 
symptomatic MS patients (total n = 1882), detrusor overactivity (DO) was detected in 62%; 
hypocontractility in 20% and detrusor sphincter dyssynergia (DSD) occurred in 25% of the patients [11]. 
However, most MS patients have a combination of these urological conditions. 
3.2. Clinical Features and Complications 
NLUTD patients may exhibit storage (e.g., urgency, daytime frequency, nocturia, urge urinary 
incontinence) or voiding symptoms (e.g., slow stream, intermittent stream, hesitancy, incomplete 
emptying) or combinations of these (including paradoxal urgency/hesitancy, intermittent urgency 
followed by subsequent inability to start voiding) [12]. 
In patients with NLUTD, urodynamic evaluation reveals functional abnormalities in the background 
of these clinical symptoms. The etiology of urinary storage problems in MS was shown to be DO, 
while irregular emptying is due to detrusor underactivity. DSD is frequently present in patients with 
combined voiding and storage symptoms. The underlying mechanism of DSD is constituted by 
involuntary detrusor contractions against the closed internal and/or external sphincter resulting in 
elevated post voiding residual (PVR) volumes and vesicourethral reflux [13,14]. If left untreated, 
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NLUTD may cause further complications and irreversible changes in the upper and lower urinary tract, 
such as bladder calculi, hydronephrosis, urinary tract infections (UTI) and chronic renal failure [11,15]. 
Bladder dysfunction is usually reported in association with another neurological dysfunction, 
particularly pyramidal motor symptoms and usually occurs in the early stages of MS [16]. The severity 
of lower urinary tract symptoms in MS patients is related to the level of walking disability [5,17]. 
Therefore, motor symptoms of the extremities in MS patients should raise the physician’s awareness of 
possible bladder dysfunction, and vice versa. 
3.3. Radiological Findings 
Due to the demyelinizing nature of the disease, structural myelin damage of the neuronal 
connections between centers regulating lower urinary tract function compromise functional integrity  
of the neurourinary system in MS. There is a clinicoradiological paradox in MS patients: only  
low-moderate association is shown between clinical disabilities and the burden represented by the 
amount of lesional tissue on the magnetic resonance imaging (MRI) [18]. The morphological 
abnormalities, underlying NLUTD are diverse. Detrusor overactivity is often associated with 
suprasacral lesions found in the medial frontal lobe cortex, cerebellum, insula, dorsal midbrain, 
periaqueductal gray, pons micturition center [19,20]. Medullary lesions between the pontine and sacral 
micturition centers, especially cervical spinal lesions may cause urethral dysfunction, i.e., disturbances 
of urine storage and bladder emptying, with DSD is the clinically most pronounced defect [11,20]. 
Sacral plaques and peripheral nerve demyelinization are less common than suprasacral lesions. Sacral 
and peripheral lesions have been suggested to inhibit facilitated detrusor contraction leading to 
acontractile or weak detrusor contraction and urinary retention [21]. 
3.4. Diagnosis 
Early diagnosis and initiation of treatment in MS related NLUTD are pivotal to increase quality of 
life and slow progression of the symptoms [22]. International management guidelines, developed  
by the International Continence Society, the American Urological Association and the European 
Association of Urology exist for NLUTD in general, but not for MS patients specifically [23–25]. 
However, several countries, i.e., France, UK, Italy and Turkey, have also developed national MS 
specific management guidelines for NLUTD [5,15,26–28]. Considerable differences exist between 
these guidelines, particularly regarding diagnosis and follow-up. Treatment recommendations also 
vary among these guidelines, especially with respect to the requested degree of specialization of the 
treating physician. However, a consensus appears to be present on the recommendation that initial 
treatment of MS patients with NLUTD can be provided by a general practitioner/neurologist and  
a reasonable non-invasive evaluation including a detailed history, physical examination, complete 
urine analysis, serum creatinine level, voiding diary, urinary system ultrasonography, urine flow rate 
and importantly PVR urine measurement [28,29]. In cases of initial conservative treatment failure 
and/or upper urinary tract deterioration, invasive urodynamic tests should be applied. Red flags were 
introduced to refer directly the patient to a specialized neuro-urology team such as more than  
3 symptomatic urinary tract infections or severe urinary tract infection with fever in the previous year, 
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lumbar pain during voiding, immunotherapy, Expanded Disability Status Scale (EDSS) superior to 6, 
male older than 55 years, and significant ultrasound abnormalities or PVR superior of 100 mL [30,31]. 
3.5. Conservative Therapy 
In MS patients, the management of NLUTD may be complicated by the progressiveness of the 
disease and the presence of other disease-specific manifestations, which can adversely influence 
treatment outcomes. It is recommended to tailor the management of NLUTD in these patients to the 
patient’s current needs, mobility, compliance and the level of disability [5]. 
For patients with mild disability from MS, physical interventions such as pelvic floor muscle 
training and behavioral treatment may be beneficial. However, the cognitive status of the patient 
should be taken into account when determining the optimal behavioral management program [32]. 
For MS patients with raised PVR (over 100–150 mL), local and international guidelines describe 
clean intermittent (self) catheterization (IC, ISC, respectively) as the mandatory symptomatic 
treatment of choice [5,24,25,27]. The use of indwelling catheters is only considered to be an option if 
IC is no longer possible because of the risk of UTIs and other complications [5,25]. If there is no 
significant PVR, antimuscarinic oral drug is the symptomatic treatment of choice. However, evidence 
is lacking for the efficacy of anticholinergic drugs in the treatment for DO in MS patients.  
A systematic review investigated the effects of anticholinergic treatment in MS patients [33]. Only 
those randomized, cross-over trials were included in this review that were either placebo-controlled or 
compared two or more medical treatments. The authors concluded that anticholinergic drugs are 
inefficient to treat urinary dysfunction in MS patients. Furthermore, usage of antimuscarinics has been 
associated with increased risk of urinary retention, UTIs, and constipation [5,27]. Their central nervous 
system related side effects include deterioration of already impaired cognition and memory in MS 
patients. Antimuscarinics that do not cross the blood brain barrier and those antimuscarinics with 
selective affinity for the M3 receptor are recommended [34,35]. 
It has been suggested that a combination of IC and antimuscarinic treatment could be used in MS 
patients to control both bladder overactivity and emptying problems [5,27]. Alpha-blocking agents 
were shown to improve emptying problems without significant PVR [36,37]. However, randomized 
controlled clinical studies are needed to elucidate the safety and efficacy of α-blockers in patients with 
MS and lower urinary tract symptoms. It is advised to initiate a new evaluation at 3 months post 
treatment onset to assess efficacy of treatment and PVR. In case of insufficient efficacy or elevated 
PVR, the patient must be referred to specialists [26]. 
As second line medical treatments for MS patients guidelines mention the option of using 
desmopressin for the treatment of DO problems such as daytime frequency or nocturia [28]. Despite 
some evidence from prospective trials of its short-term efficacy, there are no studies on the long-term 
use of desmopressin to date. When using desmopressin, the risk of hyponatremia and fluid retention 
should be considered [38]. 
Cannabinoids, e.g., nabiximol might provide some benefits in the treatment of DO symptoms of 
patients with MS, they are regarded as an adjunctive treatment, when antimuscarinics and other 
treatment modalities were inadequate [39,40]. However, further randomized controlled trials providing 
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higher evidence levels are needed to evaluate the safety and efficacy of cannabinoids in MS bladder 
dysfunction treatment. 
Therapy with low doses of antibiotics is suggested to diminish the risk of developing UTIs [27]. 
Randomized, double-blind, placebo-controlled study has also shown the efficacy of cranberry extract 
tablets in the prevention of UTIs [41]. 
3.6. Invasive Treatment 
A minimally invasive therapy that can be used to treat neurogenic DO is intravesical injection with 
botulinum-A neurotoxin (BoNT-A) [42,43]. Refractory DO in patients with MS was one of the 
primary indications of this intervention [44]. The main effect of BoNT-A is the relaxation of the 
detrusor musculature by antagonizing the acetylcholine receptors. Studies with intravesical BoNT-A 
injections have shown both clinical and urodynamic amelioration and an improving quality of life. 
These beneficial effects were to be observed for about 8–10 months on average post-BoNT-A [42,45]. 
OnabotulinumtoxinA, a BoNT-A product class has been approved by the US Food and Drug 
Administration for the treatment of NLUTD in patients with MS (or spinal cord injury) largely based 
on two phase 3 randomized, placebo-controlled studies in patients with NLUTD due to MS (n = 381) 
or spinal cord injury (n = 310) [46,47]. OnabotulinumtoxinA was generally well tolerated; UTI (24%) 
and urinary retention (17%) were its noteworthy side effects. Therefore, PVR monitoring and at 
critical retention volume, ISC is recommended [48]. Intravesical BoNT-A injections may also be an 
option for end-stage MS patients and for patients with indwelling suprapubic and urethral catheters 
who develop chronic urethral leakage of urine [5,49]. Few studies noted, that BoNT-A injections into 
the external urethral sphincter decreased detrusor and urethral pressures, reduced PVR in patients with 
DSD, but this could not be confirmed in a randomized controlled trial in MS patients [50,51]. 
Chemical neuromodulation by vallinoids, capsaicin and resiniferatoxin are another treatment option 
for NLUTDs [52,53]. 
Peripheral tibial nerve stimulation represents another minimally invasive approach. A prospective 
non placebo-controlled trial of 83 MS patients with DO refractory to medical therapy demonstrated 
that 89% had at least 50% improvement in symptoms after peripheral tibial nerve stimulation that 
lasted for 2 years on average. There were significant decreases in daytime frequency, nocturia, and 
improvements on urodynamic parameters. Further studies are warranted to confirm these results in 
larger populations of patients [54]. 
Sacral neuromodulation is another minimally invasive treatment which has been shown to be 
effective in patients with non-neurogenic DO. If neurogenic DO symptoms are refractory to less 
invasive treatments this therapy may be considered [5]. Minardi et al. have found that sacral 
neuromodulation is effective in the treatment of voiding dysfunction in patients with MS in a medium 
to long-term follow-up [55]. The treatment should be indicated to MS patients with refractory urgency 
urinary incontinence or MS with urinary retention due to DSD. Sacral neuromodulation is provided by 
experienced centers. 
Patients with MS, urinary incontinence, and urinary upper tract deterioration refractory to 
conservative and minimal invasive treatment options are candidates for surgical treatment. This should 
be undertaken in experienced centers to minimize anesthesiological and surgical risks [5]. Operational 
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treatment alternatives such as bladder augmentation, enterocystoplasty and urinary diversion gave 
optimal results in stress, complex or refractory urinary incontinence, catheter intolerance and/or 
neurogenic DO due to MS [5,24,25]. Also patients with severe stress urinary incontinence due to 
catheter-induced trauma to the urethral sphincter may benefit from the surgical intervention (e.g., 
formal urethral closure with bladder drainage via a suprapubic catheter, ileal conduit with 
simultaneous removal of the bladder or formation of a vesico-vaginal fistula). 
4. Cardiovascular Dysregulation 
4.1. Epidemiology 
Cardiovascular autonomic dysfunction is present in large proportion of patients with MS [56,57]. 
Prevalence data vary among studies, in parts due to heterogeneity in the way cardiovascular autonomic 
dysfunction was defined in these studies [56,57]. In a recent meta-analysis, Racosta et al. synthesized 
data of 16 studies with 611 MS patients either with relapsing-remitting or progressive forms examined 
by at least three cardiovascular autonomic tests. According to their results, cardiovascular autonomic 
dysfunction was present in 42% of included patients based on the definition of minimum one 
pathological test result, whereas prevalence was as low as 19% when using the definition of at least 
two abnormal cardiac autonomic tests [58]. 
4.2. Clinical Features 
The main clinical symptoms connected with cardiovascular autonomic neuropathy are fatigue [59,60] 
and pathological responses to orthostatic challenge such as syncope, palpitation, dizziness, nausea, 
general weakness, hot flashes and sweating [61–66]. Symptoms associated with orthostatic 
dysregulation occur in up to 63% of the patients [61–66]. Postural orthostatic tachycardia syndrome 
(POTS), vasovagal syncope and orthostatic hypotension can be induced by tilt table test in MS  
patients [64]. Interestingly, the prevalence of syncope is higher in patients in remission, while POTS 
appears more frequently in patients in relapse [64]. Newly onset cardiac arrhythmias [67–69] can be 
the consequences of deteriorated cardiac autonomic regulation caused by MS. 
4.3. Pathomechanisms 
Both sympathetic and parasympathetic parts of the cardiovascular autonomic system are affected  
by MS [57,70–77]. An association was found between sympathetic dysfunction and clinical activity of 
MS [78]. Parasympathetic abnormalities seem to be linked to progression of disability as measured by 
the EDSS [78]. Consistently, longer duration of MS has been linked to progressive deterioration of 
parasympathetic regulation [77]. In line with these findings, serum norepinephrine and epinephrine 
levels were shown to be lower in clinically active relapsing-remitting patients than in clinically stable 
patients [78]. Keller et al. also found decreased plasma norepinephrine levels in relapsing-remitting 
multiple sclerosis patients [71]. Supine serum norepinephrine level was found to be increased in 
chronic progressive patients indicating sympathetic dysregulation [79]. According to Flachenecker et al. 
impairment in parasympathetic regulation could be the consequence of MS, however damaged 
sympathetic function may have a pathogenetic role in the development of MS [78]. Total midbrain 
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lesion volume and total parietal lesion volume (to a lesser degree) showed association with 
cardiovascular autonomic abnormalities [72]. In line with these findings, other groups identified MS 
lesions in the brainstem as the feasible morphological substrates of cardiovascular autonomic 
dysfunction [56,61]. According to the findings of de Seze et al., spinal axonal loss is a stronger 
determinant of autonomic disturbances than demyelination. They found pronounced association 
between the reduction of spinal cord cross sectional area and autonomic dysfunction, while they 
observed no relation between the number and location of spinal MS lesions and autonomic 
abnormalities [80]. 
4.4. Diagnosis 
In MS, heart rate responses to the Valsalva maneuver, deep breathing, orthostatic challenge  
(tilt table test or active change of posture) are the most widely used tests in clinical practice for the 
assessment of predominantly parasympathetic function, while predominantly sympathetic function can 
be estimated by the measurement of blood pressure alterations caused by change in posture and 
sustained handgrip [78,80,81]. More subtle deterioration of cardiovascular autonomic function can be 
assessed in MS patients by more sophisticated laboratory tests including measurement of heart rate 
variability in the time or frequency domain [59,77,82,83], estimation of baroreflex function [75,84], 
examination of muscle sympathetic nerve activity [71]. Cutaneous axon reflex assessment appears to 
be a promising autonomic testing modality in central neuronal diseases such as MS [85,86]. 
4.5. Therapy 
Since no “one size fits all” solution is available to treat cardiovascular autonomic disturbances, 
multimodal and individualized treatment strategies are desirable. After the assessment of the nature  
of sympathovagal imbalance with the aforementioned tests, there are non-pharmacological, 
pharmacological and surgical strategies to treat cardiovascular dysfunction in MS patients. 
Reduced fat intake within the confines of Mediterranean diet can enhance parasympathetic  
function [87,88]. Adequate hydration can prevent fainting episodes [4] and appropriate water intake 
can augment sympathetic activity [89]. Mild to moderate intensity aerobic exercise may have 
beneficial effects in patients with decreased vagal activity [88,90]. Short bursts of high intensity 
aerobic exercise may enhance sympathetic functions in patients with lower-than-normal sympathetic 
activity [88,91]. Head-up tilt sleeping position can improve sympathetic activity in patients with 
sympathetic disturbances [92]. Patients with orthostatic intolerance may benefit from therapy with 
volume expanders, vasoconstrictor agents and acetylcholinesterase inhibitors [93–95]. Sympathomimetic 
drugs like β-adrenergic agonists, α1-adrenergic agonists and α2-adrenergic antagonists may play an 
important role in the treatment of patients with lower sympathetic activity [88,96,97]. Interestingly, 
intermittent use of low-dose nicotine as moist snuff or dry snuff may have favorable effects by 
upregulating sympathetic functions [88]. Recently, droxidopa, an oral norepinephrine precursor, was 
shown to improve symptomatic neurogenic orthostatic hypotension [98]. In fact, this open-label dose 
optimization trial, followed, in responders, by 7-day washout and a consecutive 7-day double-blind 
study of droxidopa vs. placebo provided Class I evidence that droxidopa improves neurogenic 
orthostatic hypotension in responders. As the result of recombinant erythropoietin treatment, serum 
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norepinephrine level may increase and the responsiveness of the vessel wall to norepinephrine may 
improve [88,99]. A possible link between chronic cerebrospinal venous insufficiency and MS has been 
previously discussed but a recent observational case-control study provided strong evidence against 
this conception [100–104]. 
5. Gastrointestinal Dysregulation 
5.1. Epidemiology 
The area of bowel dysfunction is considered the “Cinderella” of MS research, although 40%–81% 
of the patients complain about functional loss in the gastrointestinal domain [66,105]. The most 
frequently reported gastrointestinal (GI) symptoms encompass anorectal dysfunction characterized  
by constipation (37%–68%) [105,106], fecal incontinence (15%–51%) [105,107] or the combination of 
these (23%) [108] and deglutitive problems such as dysphagia (21%) [105]. Similarly to bladder  
and sexual dysfunctions, GI disturbances seem to affect quality of life with a considerable negative 
impact [109,110]. Bowel dysfunction can be a source of severe psychosocial disabilities, by limiting 
the capability of work or engaging in social interactions [111]. 
5.2. Clinical Symptoms and Associations 
Levinthal et al. investigated GI symptoms in a sample of 218 MS patients [105]. Besides common 
constipation, fecal incontinence and dysphagia, patients endorsed also dyspepsia, early satiation, 
postprandial fullness, bloating, belching, globus sensation and abdominal pain. Additionally, irritable 
bowel syndrome was noted. Degree of disability, urinary dysfunction and female gender have been 
found to be independent predictors of anorectal dysfunction [112,113]. Age and primary progressive 
MS were also shown to be associated with bowel symptoms [112,114]. 
5.3. Background 
Etiology of GI symptoms is multifactorial; immobilization and polipharmacy may have a causative 
role in the development of GI symptoms in MS patients [115]. Coincidental pelvic nerve lesion during 
childbirth could also underlie fecal incontinence in women with MS [115]. Spinal cord lesions appear 
to be most important in the pathogenesis of GI symptoms in MS. The pathways of neural control of 
defecation are not fully defined, however, cortical and pontile centers may play a pivotal role in the 
regulation of sacral segments [116,117]. Conduction times of central motor pathways to sphincteric 
sacral neurons and pelvic floor striated muscle have been shown to be prolonged in MS [118,119]. 
Impaired anorectal sensation may also underlie the symptoms: somatosensory evoked potentials were 
delayed in MS compared to controls [120]. Loss of central modulation on spinal cord segments may 
lead to sympathovagal imbalance which can lead to constipation, characterized by lengthened colon 
transit time, lack of increment in colonic motility postprandially, early sphincter excitation when rectal 
filling, and increased threshold for anorectal reflex [116,121,122]. Constipation has been attributed to 
rectal outlet obstruction, absent or incomplete puborectal, anal canal and sphincter musculature 
relaxation and reduced voluntary anal squeeze pressure [118,123,124]. In fecal incontinence, studies 
have described reduced sensation of rectal filling, reduced rectal compliance, low anal sphincter 
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pressures, hyperreactivity of the rectal wall [121,125]. Many patients with MS have reduced maximal 
voluntary anal sphincter pressures [108]; hence they cannot delay defecation by contracting the 
sphincter, as would be possible in health. The coexistence of fecal incontinence and constipation can 
be explained by similar mechanisms described by DSD. Incoordinated action of the external/internal 
anal sphincter during expulsion, poor pelvic musculature performance may cause incomplete emptying 
of the rectum, which precipitates fecal incontinence when anal sphincter weakness and anorectal 
hyposensitivity is present [118,121,124,126]. There is a lack of data on the background of upper GI 
symptoms. Gastric emptying rate has been found to be abnormal in MS patients; however, the study 
did not correlate upper GI symptoms and gastric motility [127]. Further research appears needed to 
clarify etiology of bowel dysfunction, correlating imaging, physiological studies, EDSS scores and 
bowel symptoms. 
5.4. Assessment 
There is no established diagnostic algorithm for bowel symptoms in MS. There is no bowel 
symptoms questionnaire validated specially for MS. The physician, after the detailed clinical interview 
may choose the Neurogenic Bowel Dysfunction Score, which has been designed for spinal cord injury 
patients to evaluate large bowel dysfunction [128]. Other possibilities include the Adult Functional GI 
disorders Rome III Questionnaire [129], probing the presence, severity and duration of different GI 
symptoms, the MD Anderson Dysphagia Inventory to detect emotional, functional, physical symptoms 
related to deglutation [130] and the Fecal Incontinence Severity Index [131]. Several studies use 
definitions of national or international guidelines to determine existence and severity of GI symptoms, 
such as the consensus of the American Gastrointestinal Association. Collaborative referral with GI 
specialist may be warranted. Beyond questionnaires, anorectal physiological measurements can be 
performed, such as colonometry, anal manometry to measure contraction pressures, balloon distension 
or mucosal electrosensitivity test to quantify rectal sensation, defaecography/proctography to analyze 
defaecation dynamics, gastric scintigraphy, colon transit studies to determine emptying rates with the 
help of swallowed markers or pudendal nerve terminal motor latency test to gain more comprehensive 
overlook on neuromuscular cooperation [123,127]. 
5.5. Treatment 
Nonpharmacological as well as pharmacological treatments are available for constipation 
(increasing activity, drinking more fluid, mechanical evacuation, bulking agents, osmotic and 
stimulant laxatives, rectal stimulants, biofeedback, prokinetic agents, and rarely colostomy, Malone 
procedure) [107,132]. Patients with fecal incontinence are provided with fewer therapeutical options 
(antimotility drugs, biofeedback, sacral nerve stimulation, surgical techniques: sphincter repair, 
dynamic graciloplasty, artificial bowel sphincter) [107,132]. Only few trials tested the efficacy, 
acceptability of these aforementioned interventions in patients with MS. Gut focused behavioral 
treatment appears to influence GI symptoms in MS favorably [133]. A small study (n = 30 patients) 
showed significant descent of constipation scores when MS patients received abdominal massage [134]. 
Transanal irrigation has been recently found successful in a prospective observational study of MS patients 
with bowel symptoms [135]. In spinal cord injury and Parkinson’s disease, fiber (psyllium) [136], oral 
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laxative (macrogol electrolyte solution) [137], parasympathetic stimulant neostigmine-glycopyrrolate [138], 
rectal stimulant polyethylene glycol [139] have been found to be useful. Based on the similarities 
between central neurological diseases, one could hypothesize that these therapeutic strategies may 
bring substantial results in the management of MS patients with bowel symptoms. 
5.6. Perspective 
A new proposal suspects altered gut microbiome as a source of chronic inflammation that could 
lead to the development of MS [140]. Pathogens such as Helicobacter pylori may access the central 
nervous system via fast axonal transport by afferent neurons connecting the GI tract to the brain [141]. 
Studies investigating the association between H. pylori infection and MS brought contradictory results, 
however, in a pilot study successful H. pylori eradication resulted in lower second episode occurrence 
and a significant improvement of the EDSS score in clinically isolated syndrome patients after the two 
year follow-up [142–144]. Taken together, there might be a possible bidirectional relation between GI 
problems and MS development, which emphasizes the importance of further research on this field. 
6. Sexual Dysfunction 
6.1. Epidemiology 
Sexual dysfunction (SD) is a highly prevalent but often underdiagnosed symptom of multiple 
sclerosis. It affects the quality of life negatively and may reduce fertility [7,145,146]. For men  
with MS, the reported rates of SD range from 50% to 84% [147,148], while 34% to 85% of female 
patients suffer from sexual dysfunction [146,147]. The most common complaints for men are erectile 
and ejaculatory dysfunction, occurring in 20%–70% and 13%–53% of male patients with MS,  
respectively [147–149]. For female patients, the most prevalent symptom is decreased sexual desire 
(31%–58%) [147,150,151]. SD can emerge at various stages of the disease: at an early phase of the 
disease, with minimally affected patients [152,153], but also between 2 and 6 years after diagnosis [154]. 
The etiology of SD in MS patients is complex including both organic and nonorganic pathomechanisms. 
Consequently a multidisciplinary approach is required to diagnosis [155]. 
6.2. Complaints and Associations 
Sexual problems in MS can stem from primary, secondary, or tertiary sources [156]. 
Primary SD refers to the direct result of MS due to demyelinating lesions in the nervous system. 
Irrespective of gender, symptoms may include numbness or sensory paresthesia in the genitals, 
reduced libido and orgasmic dysfunction [146,157]. For men, erectile dysfunction (ED) and 
ejaculatory dysfunction are the most concerning symptoms [147]. Men with ED may still experience 
penile tumescence during the night and erections when waking up [158,159]. Ejaculatory dysfunction 
may take different forms, including premature ejaculation (up to 60%), delayed ejaculation (up to 
50%), retrograde ejaculation, anejaculation (up to 33%) [160]. Decreased vaginal lubrication, impaired 
clitorial erection, dyspareunia are gender specific problems for women [149,161,162]. 
Secondary SD means that non-sexual MS-related physical alterations eventually affect sexual 
functions adversely. Very frequently occurring MS-associated problems, such as fatigue and 
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neurogenic bladder symptoms were found to amplify SD in both sexes [146,150,163], but women 
appear to be more affected [149,164]. Spasticity, pyramidal signs in the lower limbs, pain, paresthesias 
and reduced mobility have been reported to correlate with SD [165–167]. Controversial associations 
were found between gastrointestinal symptoms and SD [147,148]. 
Tertiary consequences correspond to psychosocial, emotional and cultural problems that interfere 
with sexual experience. These problems include social role changes that originate from MS, changes in 
self-perception, feeling of being less sexually attractive, and worries about sexually satisfying the 
partner and communication difficulties [148,157,168]. Increased positive support from the partner has 
been found to improve sexual satisfaction, while negative support decreases satisfaction [168]. 
Depression, which occurs in more than 50% of elderly MS patients [169], and anxiety are significantly 
associated with SD irrespective of gender [147,170–172]. Positive correlations were described 
between higher economic status, education level, cognitive performance and sexual function in MS 
patients [154,170,171]. 
Level of disability as measured by EDSS as well as age, and disease duration are correlated with SD 
in female MS patients [148,149,161,173,174]. Advancing age and age at onset of MS appear to be 
associated with SD in men, while level of disability seems to be less influential [146,147,170]. Side 
effects of medication currently used in the clinical practice may have the potential to impair sexual 
functioning. Antidepressants, such as selective serotonin reuptake inhibitors, may cause delayed 
ejaculation, absent or delayed orgasm, reduced desire and difficulties at arousal [175] and they also 
lead to a significant deterioration to female sexual function [176]. Others have found that anticholinergic 
medications enhance sexual problems for women [177]. 
6.3. Neurohumoral Mechanisms 
Demyelinating lesions in the parasympathetic sacral spinal cord have been linked to erectile 
dysfunction in men [166,178]. Central nervous system demyelinization, e.g., pontile plaques may also 
cause erectile disturbances [170]. Erectile dysfunction has also correlated linearly with reduced serum 
testosterone levels and impaired hypothalamic–pituitary–thyroid axis function [179]. Damage of the 
sympathetic thoracolumbar segments in MS may cause abnormal ejaculation [170]. 
In women, brain stem, pyramidal lesions and pontile parenchymal atrophy showed associations with 
SD [170,180,181]. Hormonal alterations, such as high levels of prolactin, luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH) were reported in women with MS, which were thought to exist 
due to peripheral resistance to gonadotropins, abnormal central regulations and immunosuppressive 
therapy [182,183]. In a recent cross-sectional study, only 10% of MS women had low beta estradiol, 
7% had low progesteron plasma concentrations. Testosterone levels were within normal range for 
female MS patients but the subgroup of patients with sexual dysfunction had significantly lower serum 
testosterone concentrations [184]. 
6.4. Assessment 
Patients are usually embarrassed to talk about their sexual problems; therefore, physicians should 
address the topic and provide patients with information on the available different treatment options. To 
initiate assessment, comprehensive clinical interview should identify the SD, and then standardized 
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questionnaires are to be used to explore SD in precise details [168]. Multiple Sclerosis Intimacy and 
Sexuality Questionnaire (MSISQ-19) is a valid, reliable, self-report questionnaire for men and women, 
which assesses all three domains of SD [156]. The shorter form of MSISQ-19 became a 15-item 
questionnaire, which can be handled easier by the cognitively defectualized patients [185]. Sexual 
assessment has also used functional paradigms or personal satisfaction experience using the Sexual 
Satisfaction Survey in particular [186]. Gender specific questionnaires include Female Sexual Function 
Index and International Index of Erectile Function [187]. 
Other tools include Quantitative Sensory Testing, which assesses genital neurological deficits 
related to the detection of temperature and vibration [188]. Diminished pudendal somatosensory 
evoked potentials were also found to be associated with SD [189]. 
6.5. Treatment 
Sexual dysfunction in MS requires interdisciplinary urological and neurological expertise and 
should therefore preferably be treated by specialists. 
6.5.1. Primary Sexual Dysfunction (SD) 
Oral phosphodiesterase type-5 inhibitors (PDE5i) are considered first-line treatment in patients with 
ED and central neurological disorders [190]. Double-blind, placebo-controlled randomized study of 
sildenafil demonstrated significant amelioration of erectile, orgasmic, overall sexual function in a large 
number of MS patients, ranging from 73% to 95% [6]. Results on tadalafil are comparable to sildenafil 
and it may be favored in selected patients due to its longer duration of effect and lack of interaction 
with fatty meals [178,191]. PDE5i are especially effective for patients with upper motor lesions, 
having erections on the morning waking [190]. Second line treatment for ED involves intracavernous 
injections of prostaglandin E1, which was found to be effective in men with MS [159,192]. Patients 
with lower motor neuron lesions lacking reflexogenic erections may benefit from this treatment. 
Dopamin receptor agonists (e.g., sublingual apomorphine), vacuum constriction devices or penile 
prosthesis can be further possibilities for some patients [132,193]. Oral midodrine therapy was found 
to restore ejaculation in some MS patients [194]. Penile vibratory stimulation appears to be an effective 
treatment for ejaculatory problems in MS, as well [195]. 
There is a lack of data on the management of SD in women with MS [132,196,197]. PDE5i, such as 
sildenafil was reported to improve lubrication, but not the ability to reach orgasm [198]. However, 
when PDE5 inhibitors were combined with antidepressants there was a marked improvement in 
orgasmic function, as well [199]. Low-dose local estrogen has been found to improve clitoral 
sensitivity and reduce dyspareunia [132]. Estrogen applied together with methyltestosterone has been 
suggested to intensify sexual desire and vaginal lubrication [132]. A recent interventional study 
indicated that pelvic floor muscle training alone or in combination with intravaginal neuromuscular 
electrostimulation or transcutaneous tibial nerve stimulation improves SD [200]. The efficacy of α-1/2 
receptor antagonists on SD in MS patients still remains to be elucidated. 
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6.5.2. Secondary SD 
Education and advising by the healthcare providers may bring significant relief for MS patients. 
Suggestions such as planning sexual activity in the early morning hours, convenient sexual position, 
performing bladder catheter before sexual activity, not putting pressure on the bladder during the 
activity can help to limit the effect of fatigue, spasticity and bladder dysfunction on sexual  
experience [154,170]. OnabotulinumA injection therapy was also found to affect positively SD, 
probably by improving urinary dysfunction and depression [201]. MS treatment should counteract 
sexual functioning minimally. Discovering and treating mood disorders is crucial. However, because 
of the side effects of antidepressant drugs, physicians may consider lowering the dose, or prescribing 
other antidepressants with lower risks of sexual dysfunctions (e.g., bupropion, reboxetine) or adding a 
serotoninergic antagonist (e.g., mirtazapine, mianserin) to the drug therapy after careful assessment of 
the benefits and risks of each drug [199]. 
6.5.3. Tertiary SD 
Therapeutic interventions include general/couple support counseling and psychotherapy [173].  
The aim of therapy should be pleasure and satisfaction, rather than achieving a perfect genital  
response [202]. Sexual counseling should include learning about extra-genital areas that can be 
stimulated to provide erotic sensations. Psychotherapy has been shown to improve communication and 
sexual satisfaction markedly [168]. Interventions, especially with female MS patients should 
emphasize the fact that, despite the disability, patients remain sexual beings who can love, bond, 
accept and donate joyful experiences [203]. 
6.5.4. Fertility Issues 
Limited studies have investigated semen quality in MS patients. In MS patients, semen quality has 
been found to be impaired compared to healthy volunteers [179]. It has been reported that fertility, defined 
as the number of children that are born to women with MS, is reduced [145,204]. Other clinical 
observations in MS patients indicated that ovarian reserve is diminished and antimüllerian hormone 
level is lower, hence fertility is reduced [205,206]. Side effect of medication, especially immunomodulatory 
therapies may further impair fertility. Advanced methods of assisted reproduction may be considered 
in MS patients with SD refractory to the aforementioned treatment strategies [207]. 
7. Sudomotor Dysfunction 
7.1. Epidemiology 
Sweating impairment is a well-known complication of MS [208–210]. Several diagnostic and 
epidemiological studies examined sudomotor dysfunction in MS. The observed prevalence range is 
wide which may in parts be caused by heterogeneity of diagnostic repertoires and definitions of 
sudomotor abnormalities applied in these studies. Pathologic sweating tests ranged between 26% and 
94% [211–214]. 
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7.2. Clinical Manifestations 
Decreased sweating response or regional anhydrosis to thermal provocation are the most common 
clinical manifestations of sudomotor dysfunction [209]. Besides, total anhydrosis could appear in 
advanced MS [209]. Impairment of sudomotor function in MS patients is correlated to the severity of 
clinical disability [208,211,213] and may cause disturbances in thermoregulation [215]. Appropriate 
functioning of the theromoregulatory apparatus is crucial in patients with MS because slight changes in 
core temperature could aggravate neurologic symptoms [208,216] due to heat induced conduction 
abnormalities of demyelinated axons [217–219]. Physical exercise and increased ambient temperature 
are the most important heat challenges for MS patients [210]. 
7.3. Pathology 
The damage of the central sudomotor pathways caused by demyelination has been suggested the 
most important pathological pathway of sudomotor dysfunction in MS [209]. The major components 
of the central descending sudomotor system are the preoptic region of the hypothalamus, the tegmentum 
of the pons, the lateral reticular substance of the medulla and neurons in the intermediolateral column 
connected with sweat glands through sympathetic ganglia and peripheral nerves [215,220]. 
Additionally, total lesion volume of the brain and lesions found in thoracic spinal cord registered by 
MRI have been linked to impaired somato-sympathetic sweat reflexes [211]. Impaired sweat gland 
function can also be caused by deteriorated sympathetic input leading to sweat gland atrophy, reduced 
sensitivity to cholinergic stimulation and muscarinic receptor down-regulation [221]. 
7.4. Assessment 
Clinical testing of sudomotor function can be performed by means of thermoregulatory sweat 
testing (TST), quantitative sudomotor axon reflex testing (QSART), sympathetic skin response (SSR), 
and quantitative direct and indirect test of sudomotor function (QDIRT) [84,222]. Combined use of 
these assessment techniques can localize and quantify pre- and post-ganglionic sudomotor lesions and 
thus improve accuracy of diagnosis and disease monitoring in autonomic disorders. In MS, sudomotor 
function assessment has not yet been widely established in clinical practice. So far, TST and SSR have 
been widely used for testing sudomotor autonomic regulation in MS [208,209,211]. TST using 
indicator powder mixture provides semiquantitative estimation of sweating function [215]. Sudomotor 
function can be quantified by TST complemented with evaporimetry [208,223]. TST is used for the 
evaluation of pre- and post-ganglionic axon function. Measurement of sympathetic skin responses 
gives information about sweating caused by somato-sympathetic reflexes. The technique shows high 
sensitivity but is limited by interindividual variability [211,213,215,223]. Examination of the number, 
size and volume of sweat droplets after direct chemical stimulation by pilocarpine iontophoresis can 
characterize eccrine sweat gland function [215,221]. Post-ganglionic sudomotor function can be 
specifically assessed by evoking an axon reflex in cutaneous sympathetic small nerve fibers. The 
sudomotor axon reflex can be induced by cholinergic agonists binding to nicotinic receptors on the 
terminals of sudomotor nerves. The evoked action potentials are conducted antidromically to an axon 
branch point and then orthodromically to a neighboring population of eccrine sweat glands to induce 
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indirect sweating in a skin area outside the stimulation area. In contrast to indirect axon reflex 
sweating, the direct response is induced by stimulation of muscarinic receptors located on sweat 
glands. Direct and axon-reflex-mediated sweat responses can be evoked by iontophoretic application 
of acetylcholine [224]. The QSART assesses post-ganglionic sudomotor axon reflex mediated 
sweating following iontophoresis of acetylcholine with temporal resolution [215,225]. QSART is a 
sensitive, reproducible and accurate quantitative method [215]. QDIRT measures both direct and 
indirect sudomotor responses with spatial and temporal resolution. This experimental technique has 
not yet been established in clinical practice [226]. In addition to QSART, QDIRT might be an 
excellent new option for sudomotor function testing in MS patients but prospective data is still lacking 
to support this hypothesis. 
7.5. Treatment 
The most important task for patients with sudomotor dysfunction is to minimize heat exposure. 
Outdoor work and physical exercise should be performed early in the morning or after sunset [210]. 
Precooling was found to have favorable effects on minimizing newly onset symptoms related to 
physical activity [227]. Cooling of the head and the neck can provide an appropriate reduction of oral 
and body temperature for symptomatic relief of heat-induced symptoms [228]. In addition, cooling 
garments serve as a suitable tool to alleviate the deleterious effects of heat challenges [229,230]. 
Moreover, potassium channel blockers could have favorable effects on axonal conduction during heat 
provocation [231]. 
8. Pupillomotor Dysfunction 
8.1. Epidemiology 
Pupillary disturbances are prevalent complications of MS. Prevalence of abnormal pupillary 
responses ranges between 26% and 60% in patients without a recent history of acute optic neuritis 
(ON) [232,233]. The time difference between the ON and the measurements was at least 6 months in 
these studies. ON is a common clinical feature during the course of MS often connected with relative 
afferent pupillary defect [234,235]. 
8.2. Pathophysiological Characteristics 
No associations were found between pupillary abnormalities and disability of patients quantified by 
the EDSS or duration of the disease [236]. Pupillary abnormalities in MS might be due to non-specific 
impairment of central pathways subserving pupillary function. [237]. Pupillary disturbances and visual 
abnormalities do not change parallelly during the course of the disease [232,233,236]. Patients  
with completely recovered visual acuity can have pronounced pupillary dysfunction during the 
convalescence after acute optic neuritis [238]. The most severe disturbances were found in patients 
with primary progressive MS in a study published by De Seze et al. [232]. Pupil color response (PCR) 
abnormalities are usually more pronounced than pupil light response (PLR) deficits in the active phase 
of demyelination, while PLR abnormalities are more common than PCR deficits during the recovery 
phase [238]. 
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8.3. Background 
Autonomic pupillary dysfunction has been shown to be the consequence of sympathovagal 
imbalance. Decreased parasympathetic tone associated with increased sympathetic tone results in 
pathological pupillary responses in MS patients [232,236,237]. Impairment of either afferent or 
efferent pupillary pathways was demonstrated by several studies [232,233,239]. Axonal loss seems to 
be a more important determinant of pupillary abnormalities than demyelination according to MRI 
studies [232,237]. Pupillary light reflex metrics are associated with retinal ganglion cell axonal 
degeneration assessed by average retinal nerve fiber layer thickness [240]. 
8.4. Assessment 
Pupillary reactions can be examined with computerized pupillographic devices. The most frequently 
measured parameters in MS patients assessing parasympathetic function are the pupillary light reflex 
latency (PLRL), reflex amplitude, contraction velocity, while the parameters representing sympathetic 
function are the redilatation velocity, time of 75% redilatation and redilatation at 5 s [233,236,237,241]. 
The PCR is also measureable by similar pupillographic equipment with the application of special 
stimulation with colored targets [238]. It is possible to distinguish between the damage of afferent and 
efferent pathways based on the measurement of direct and indirect PLRL [242]. The swinging 
flashlight test used with neutral density light filters is a simple method for the semiquantitative 
determination of relative afferent pupillary defect at the bedside [243]. A more objective, 
computerized form of this test with the determination of second flash pupillary metric response 
asymmetry ratios provides an accurate tool for the measurement and follow-up of relative afferent 
pupillary defect in patients with MS and ON [235]. Measurement of pupillary functions can provide 
clinical data on sympathovagal imbalance, demyelination processes, retinal ganglion cell degeneration 
during the follow-up of MS patients. Therefore, pupillary function assessment may be a useful 
technique to complement diagnostic tools of cardiovascular, urogenital and gastrointesinal function in 
clinical practice. However, confirmatory studies in large populations are lacking to support the 
usefulness of pupillary function assessment in MS. 
9. Limitations 
This is a review of the current literature which neither intended to be exhaustive nor to compare or 
evaluate efficacy of treatment regimens of autonomic disturbances in MS. Both the diagnostic tools 
and treatment regimens included in our review are, in parts, based on heterogeneous evidence 
including both randomized and nonrandomized studies. However, our review might provide a helpful 
overview of the clinically relevant field of autonomic dysregulation in MS and may form the basis for 
a synthesized data analysis comparing diagnostic and therapeutic regimens. 
10. Summary and Perspective 
Dysregulation of the autonomic nervous system may present with various clinical symptoms in MS 
patients that reduce quality of life. Prevalent and clinically relevant autonomic disturbances include 
neurogenic lower urinary tract dysfunction, symptoms of cardiovascular and gastrointestinal 
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dysregulation as well as sudomotor and pupillomotor dysfunction. These disturbances constitute a 
clinical challenge to the physician due to variability of clinical presentation and inconsistent data on 
diagnosis and treatment. Furthermore, the mechanisms whereby autonomic disturbances are mediated 
in MS are not fully elucidated, impeding the development of causative treatment. In clinical practice, 
early diagnosis and initiation of individualized interdisciplinary and multimodal strategies appear to be 
beneficial in the management of autonomic dysfunction in MS. Further research is warranted to 
improve our mechanistic understanding of autonomic dysregulation in MS, improve precision of 
diagnosis and assessment of response to treatment, and improve strategies of both causative and 
symptomatic treatment. 
Acknowledgments 
The authors acknowledge the general support of Viktor Lakatos during the preparation of the manuscript. 
Author Contributions 
Alexandra Pinter, Domonkos Cseh, Adrienn Sárközi, Ben M. Illigens performed literature research 
and contributed to planning and designing structure of the review. Alexandra Pinter and Domonkos Cseh 
drafted the manuscript. Timo Siepmann revised the manuscript. 
Conflicts of Interest 
The authors declare no conflict of interest. 
References 
1. National Multiple Sclerosis Society. Available online: http://www.nationalmssociety.org/ 
About-the-Society/MS-Prevalence (accessed on 27 June 2015). 
2. Merkelbach, S.; Haensch, C.A.; Hemmer, B.; Koehler, J.; Konig, N.H.; Ziemssen, T. Multiple 
sclerosis and the autonomic nervous system. J. Neurol. 2006, 253 (Suppl. 1), I21–I25. 
3. Haensch, C.A.; Jorg, J. Autonomic dysfunction in multiple sclerosis. J. Neurol. 2006, 253  
(Suppl. 1), I3–I9. 
4. Benditt, D.G.; Nguyen, J.T. Syncope: Therapeutic approaches. J. Am. Coll. Cardiol. 2009, 53, 
1741–1751. 
5. Fowler, C.J.; Panicker, J.N.; Drake, M.; Harris, C.; Harrison, S.C.; Kirby, M.; Lucas, M.; 
Macleod, N.; Mangnall, J.; North, A.; et al. A UK consensus on the management of the bladder 
in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 2009, 80, 470–477. 
6. Fowler, C.J.; Miller, J.R.; Sharief, M.K.; Hussain, I.F.; Stecher, V.J.; Sweeney, M. A double 
blind, randomised study of sildenafil citrate for erectile dysfunction in men with multiple 
sclerosis. J. Neurol. Neurosurg. Psychiatry 2005, 76, 700–705. 
7. Vitkova, M.; Rosenberger, J.; Krokavcova, M.; Szilasiova, J.; Gdovinova, Z.; Groothoff, J.W.; 
van Dijk, J.P. Health-related quality of life in multiple sclerosis patients with bladder, bowel and 
sexual dysfunction. Disabil. Rehabil. 2014, 36, 987–992. 
Int. J. Mol. Sci. 2015, 16 16938 
 
 
8. Browne, C.; Salmon, N.; Kehoe, M. Bladder dysfunction and quality of life for people with 
multiple sclerosis. Disabil. Rehabil. 2015, 1–9, doi:10.3109/09638288.2015.1027007. 
9. Khalaf, K.M.; Coyne, K.S.; Globe, D.R.; Armstrong, E.P.; Malone, D.C.; Burks, J. Lower 
urinary tract symptom prevalence and management among patients with multiple sclerosis. Int. J. 
MS Care 2015, 17, 14–25. 
10. Mahajan, S.T.; Patel, P.B.; Marrie, R.A. Under treatment of overactive bladder symptoms in 
patients with multiple sclerosis: An ancillary analysis of the narcoms patient registry. J. Urol. 
2010, 183, 1432–1437. 
11. Litwiller, S.E.; Frohman, E.M.; Zimmern, P.E. Multiple sclerosis and the urologist. J. Urol. 
1999, 161, 743–757. 
12. Abrams, P.; Cardozo, L.; Fall, M.; Griffiths, D.; Rosier, P.; Ulmsten, U.; van Kerrebroeck, P.; 
Victor, A.; Wein, A.; Standardisation Sub-Committee of the International Continence Society. 
The standardisation of terminology in lower urinary tract function: Report from the 
standardisation sub-committee of the international continence society. Urology 2003, 61, 37–49. 
13. Mayo, M.E.; Chetner, M.P. Lower urinary tract dysfunction in multiple sclerosis. Urology 1992, 
39, 67–70. 
14. Gallien, P.; Robineau, S.; Nicolas, B.; le Bot, M.P.; Brissot, R.; Verin, M. Vesicourethral 
dysfunction and urodynamic findings in multiple sclerosis: A study of 149 cases. Arch. Phys. 
Med. Rehabil. 1998, 79, 255–257. 
15. De Seze, M.; Ruffion, A.; Denys, P.; Joseph, P.A.; Perrouin-Verbe, B.; GENULF. The 
neurogenic bladder in multiple sclerosis: Review of the literature and proposal of management 
guidelines. Mult. Scler. 2007, 13, 915–928. 
16. Bemelmans, B.L.; Hommes, O.R.; van Kerrebroeck, P.E.; Lemmens, W.A.; Doesburg, W.H.; 
Debruyne, F.M. Evidence for early lower urinary tract dysfunction in clinically silent multiple 
sclerosis. J. Urol. 1991, 145, 1219–1224. 
17. Porru, D.; Campus, G.; Garau, A.; Sorgia, M.; Pau, A.C.; Spinici, G.; Pischedda, M.P.;  
Marrosu, M.G.; Scarpa, R.M.; Usai, E. Urinary tract dysfunction in multiple sclerosis: Is there a 
relation with disease-related parameters? Spinal Cord 1997, 35, 33–36. 
18. Filippi, M.; Rocca, M.A. Multiple sclerosis: Linking disability and spinal cord imaging outcomes 
in MS. Nat. Rev. Neurol. 2013, 9, 189–190. 
19. Charil, A.; Zijdenbos, A.P.; Taylor, J.; Boelman, C.; Worsley, K.J.; Evans, A.C.; Dagher, A. 
Statistical mapping analysis of lesion location and neurological disability in multiple sclerosis: 
Application to 452 patient data sets. NeuroImage 2003, 19, 532–544. 
20. Di Benedetto, P.; Delneri, C.; Biasutti, E.; Bragadin, L.M.; Giorgini, T. Vesicourethral 
dysfunction in multiple sclerosis. Initial assessment based on lower urinary tract symptoms and 
their pathophysiology. Neurol. Sci. 2008, 29 (Suppl. 4), S348–S351. 
21. Stoffel, J.T. Contemporary management of the neurogenic bladder for multiple sclerosis patients. 
Urol. Clin. N. Am. 2010, 37, 547–557. 
22. Stohrer, M.; Blok, B.; Castro-Diaz, D.; Chartier-Kastler, E.; Del Popolo, G.; Kramer, G.;  
Pannek, J.; Radziszewski, P.; Wyndaele, J.J. EAU guidelines on neurogenic lower urinary tract 
dysfunction. Eur. Urol. 2009, 56, 81–88. 
Int. J. Mol. Sci. 2015, 16 16939 
 
 
23. Dumoulin, C.; Hunter, K.F.; Moore, K.; Bradley, C.S.; Burgio, K.L.; Hagen, S.; Imamura, M.; 
Thakar, R.; Williams, K.; Chambers, T. Conservative management for female urinary 
incontinence and pelvic organ prolapse review 2013: Summary of the 5th international 
consultation on incontinence. Neurourol. Urodyn. 2014, doi:10.1002/nau.22677. 
24. Abrams, P.; Cardozo, L.; Wein, A. Fourth international consultation on incontinence-research 
society 2013. Neurourol. Urodyn. 2014, 33, 571–572. 
25. Guidelines on Neuro-Urology. Available online: http://uroweb.org/guideline/neuro-urology/ 
(accessed on 27 June 2015). 
26. Denys, P.; Phe, V.; Even, A.; Chartier-Kastler, E. Therapeutic strategies of urinary disorders in 
MS. Practice and algorithms. Ann. Phys. Rehabil. Med. 2014, 57, 297–301. 
27. Ghezzi, A.; Carone, R.; del Popolo, G.; Amato, M.P.; Bertolotto, A.; Comola, M.; del Carro, U.; 
di Benedetto, P.; Giannantoni, A.; Lopes de Carvalho, M.L.; et al. Recommendations for the 
management of urinary disorders in multiple sclerosis: A consensus of the italian multiple 
sclerosis study group. Neurol. Sci. 2011, 32, 1223–1231. 
28. Cetinel, B.; Tarcan, T.; Demirkesen, O.; Ozyurt, C.; Sen, I.; Erdogan, S.; Siva, A. Management 
of lower urinary tract dysfunction in multiple sclerosis: A systematic review and turkish 
consensus report. Neurourol. Urodyn. 2013, 32, 1047–1057. 
29. Amarenco, G.; Raibaut, P.; Hubeaux, K.; Jousse, M.; Sheikh Ismael, S.; Lapeyre, E. Autonomic 
nervous system alteration in multiple sclerosis patients with urinary symptoms. Clinical, 
urodynamic and cardiovascular study. Prog. Urol. 2013, 23, 1505–1510. 
30. Amarenco, G.; Chartier-Kastler, E.; Denys, P.; Jean, J.L.; de Seze, M.; Lubetzski, C. First-line 
urological evaluation in multiple sclerosis: Validation of a specific decision-making algorithm. 
Mult. Scler. 2013, 19, 1931–1937. 
31. Amarenco, G.; de Seze, M.; Ruffion, A.; Sheikh Ismael, S. Clinical and urodynamic evaluations 
of urinary disorders in multiple sclerosis. Ann. Phys. Rehabil. Med. 2014, 57, 277–287. 
32. De Ridder, D.; van der Aa, F.; Debruyne, J.; D’Hooghe, M.B.; Dubois, B.; Guillaume, D.; 
Heerings, M.; Ilsbroukx, S.; Medaer, R.; Nagels, G.; et al. Consensus guidelines on the 
neurologist’s role in the management of neurogenic lower urinary tract dysfunction in multiple 
sclerosis. Clin. Neurol. Neurosurg. 2013, 115, 2033–2040. 
33. Nicholas, R.S.; Friede, T.; Hollis, S.; Young, C.A. Withdrawn: Anticholinergics for urinary 
symptoms in multiple sclerosis. Cochrane Database Syst. Rev. 2015, 6, CD004193. 
34. Kay, G.; Crook, T.; Rekeda, L.; Lima, R.; Ebinger, U.; Arguinzoniz, M.; Steel, M. Differential 
effects of the antimuscarinic agents darifenacin and oxybutynin er on memory in older subjects. 
Eur. Urol. 2006, 50, 317–326. 
35. Wesnes, K.A.; Edgar, C.; Tretter, R.N.; Bolodeoku, J. Exploratory pilot study assessing the risk 
of cognitive impairment or sedation in the elderly following single doses of solifenacin 10 mg. 
Expert Opin. Drug Saf. 2009, 8, 615–626. 
36. O’Riordan, J.I.; Doherty, C.; Javed, M.; Brophy, D.; Hutchinson, M.; Quinlan, D. Do α-blockers 
have a role in lower urinary tract dysfunction in multiple sclerosis? J. Urol. 1995, 153,  
1114–1116. 
37. Kilicarslan, H.; Ayan, S.; Vuruskan, H.; Gokce, G.; Gultekin, E.Y. Treatment of detrusor 
sphincter dyssynergia with baclofen and doxazosin. Int. Urol. Nephrol. 2006, 38, 537–541. 
Int. J. Mol. Sci. 2015, 16 16940 
 
 
38. Ferreira, E.; Letwin, S.R. Desmopressin for nocturia and enuresis associated with multiple 
sclerosis. Ann. Pharmacother. 1998, 32, 114–116. 
39. Kavia, R.B.; de Ridder, D.; Constantinescu, C.S.; Stott, C.G.; Fowler, C.J. Randomized 
controlled trial of sativex to treat detrusor overactivity in multiple sclerosis. Mult. Scler. 2010, 
16, 1349–1359. 
40. Freeman, R.M.; Adekanmi, O.; Waterfield, M.R.; Waterfield, A.E.; Wright, D.; Zajicek, J. The 
effect of cannabis on urge incontinence in patients with multiple sclerosis: A multicentre, 
randomised placebo-controlled trial (CAMS-LUTS). Int. Urogynecol. J. Pelvic Floor Dysfunct. 
2006, 17, 636–641. 
41. Hess, M.J.; Hess, P.E.; Sullivan, M.R.; Nee, M.; Yalla, S.V. Evaluation of cranberry tablets for 
the prevention of urinary tract infections in spinal cord injured patients with neurogenic bladder. 
Spinal Cord 2008, 46, 622–626. 
42. Khan, S.; Game, X.; Kalsi, V.; Gonzales, G.; Panicker, J.; Elneil, S.; Apostolidis, A.; Hamid, R.; 
Dasgupta, P.; Kessler, T.M.; et al. Long-term effect on quality of life of repeat detrusor injections 
of botulinum neurotoxin-A for detrusor overactivity in patients with multiple sclerosis. J. Urol. 
2011, 185, 1344–1349. 
43. Sand, P.K.; Sand, R.I. The diagnosis and management of lower urinary tract symptoms in 
multiple sclerosis patients. Dis. Mon. 2013, 59, 261–268. 
44. Deffontaines-Rufin, S.; Weil, M.; Verollet, D.; Peyrat, L.; Amarenco, G. Botulinum toxin A for 
the treatment of neurogenic detrusor overactivity in multiple sclerosis patients. Int. Braz J. Urol. 
2011, 37, 642–648. 
45. Karsenty, G.; Denys, P.; Amarenco, G.; de Seze, M.; Game, X.; Haab, F.; Kerdraon, J.;  
Perrouin-Verbe, B.; Ruffion, A.; Saussine, C.; et al. Botulinum toxin A (botox) intradetrusor 
injections in adults with neurogenic detrusor overactivity/neurogenic overactive bladder:  
A systematic literature review. Eur. Urol. 2008, 53, 275–287. 
46. Cruz, F.; Herschorn, S.; Aliotta, P.; Brin, M.; Thompson, C.; Lam, W.; Daniell, G.;  
Heesakkers, J.; Haag-Molkenteller, C. Efficacy and safety of onabotulinumtoxina in patients  
with urinary incontinence due to neurogenic detrusor overactivity: A randomised, double-blind,  
placebo-controlled trial. Eur. Urol. 2011, 60, 742–750. 
47. Ginsberg, D.; Gousse, A.; Keppenne, V.; Sievert, K.D.; Thompson, C.; Lam, W.; Brin, M.F.; 
Jenkins, B.; Haag-Molkenteller, C. Phase 3 efficacy and tolerability study of onabotulinumtoxina 
for urinary incontinence from neurogenic detrusor overactivity. J. Urol. 2012, 187, 2131–2139. 
48. National Institute for Health and Care Excellence (NICE). Available online: 
http://www.nice.org.uk/guidance/CG148 (accessed on 27 June 2015) 
49. Lekka, E.; Lee, L.K. Successful treatment with intradetrusor botulinum-A toxin for urethral 
urinary leakage (catheter bypassing) in patients with end-staged multiple sclerosis and indwelling 
suprapubic catheters. Eur. Urol. 2006, 50, 806–810. 
50. Gallien, P.; Reymann, J.M.; Amarenco, G.; Nicolas, B.; de Seze, M.; Bellissant, E. Placebo 
controlled, randomised, double blind study of the effects of botulinum A toxin on detrusor 
sphincter dyssynergia in multiple sclerosis patients. J. Neurol. Neurosurg. Psychiatry 2005, 76, 
1670–1676. 
Int. J. Mol. Sci. 2015, 16 16941 
 
 
51. Dykstra, D.D.; Sidi, A.A. Treatment of detrusor-sphincter dyssynergia with botulinum A toxin:  
A double-blind study. Arch. Phys. Med. Rehabil. 1990, 71, 24–26. 
52. De Seze, M.; Wiart, L.; de Seze, M.P.; Soyeur, L.; Dosque, J.P.; Blajezewski, S.; Moore, N.; 
Brochet, B.; Mazaux, J.M.; Barat, M.; et al. Intravesical capsaicin versus resiniferatoxin for the 
treatment of detrusor hyperreflexia in spinal cord injured patients: A double-blind, randomized, 
controlled study. J. Urol. 2004, 171, 251–255. 
53. MacDonald, R.; Monga, M.; Fink, H.A.; Wilt, T.J. Neurotoxin treatments for urinary 
incontinence in subjects with spinal cord injury or multiple sclerosis: A systematic review of 
effectiveness and adverse effects. J. Spinal Cord Med. 2008, 31, 157–165. 
54. Zecca, C.; Digesu, G.A.; Robshaw, P.; Singh, A.; Elneil, S.; Gobbi, C. Maintenance percutaneous 
posterior nerve stimulation for refractory lower urinary tract symptoms in patients with multiple 
sclerosis: An open label, multicenter, prospective study. J. Urol. 2014, 191, 697–702. 
55. Minardi, D.; Muzzonigro, G. Sacral neuromodulation in patients with multiple sclerosis.  
World J. Urol. 2012, 30, 123–128. 
56. Acevedo, A.R.; Nava, C.; Arriada, N.; Violante, A.; Corona, T. Cardiovascular dysfunction in 
multiple sclerosis. Acta Neurol. Scand. 2000, 101, 85–88. 
57. Flachenecker, P.; Wolf, A.; Krauser, M.; Hartung, H.P.; Reiners, K. Cardiovascular autonomic 
dysfunction in multiple sclerosis: Correlation with orthostatic intolerance. J. Neurol. 1999, 246, 
578–586. 
58. Racosta, J.M.; Sposato, L.A.; Morrow, S.A.; Cipriano, L.; Kimpiski, K.; Kremenchutzky, M. 
Cardiovascular autonomic dysfunction in multiple sclerosis: A meta-analysis. Mult. Scler.  
Relat. Disord. 2015, 4, 104–111. 
59. Flachenecker, P.; Rufer, A.; Bihler, I.; Hippel, C.; Reiners, K.; Toyka, K.V.; Kesselring, J. 
Fatigue in MS is related to sympathetic vasomotor dysfunction. Neurology 2003, 61, 851–853. 
60. Merkelbach, S.; Dillmann, U.; Kolmel, C.; Holz, I.; Muller, M. Cardiovascular autonomic 
dysregulation and fatigue in multiple sclerosis. Mult. Scler. 2001, 7, 320–326. 
61. Vita, G.; Fazio, M.C.; Milone, S.; Blandino, A.; Salvi, L.; Messina, C. Cardiovascular autonomic 
dysfunction in multiple sclerosis is likely related to brainstem lesions. J. Neurol. Sci. 1993, 120, 
82–86. 
62. Anema, J.R.; Heijenbrok, M.W.; Faes, T.J.; Heimans, J.J.; Lanting, P.; Polman, C.H. 
Cardiovascular autonomic function in multiple sclerosis. J. Neurol. Sci. 1991, 104, 129–134. 
63. Frontoni, M.; Fiorini, M.; Strano, S.; Cerutti, S.; Giubilei, F.; Urani, C.; Bastianello, S.;  
Pozzilli, C. Power spectrum analysis contribution to the detection of cardiovascular 
dysautonomia in multiple sclerosis. Acta Neurol. Scand. 1996, 93, 241–245. 
64. Adamec, I.; Bach, I.; Barušić, A.K.; Mišmaš, A.; Habek, M. Assessment of prevalence and 
pathological response to orthostatic provocation in patients with multiple sclerosis. J. Neurol. Sci. 
2013, 324, 80–83. 
65. Linden, D.; Diehl, R.R.; Berlit, P. Subclinical autonomic disturbances in multiple sclerosis.  
J. Neurol. 1995, 242, 374–378. 
66. Vieira, B.; Costa, A.; Videira, G.; Sa, M.J.; Abreu, P. Prevalence of autonomic dysfunction in 
patients with multiple sclerosis. Acta Med. Port. 2015, 28, 51–55. 
Int. J. Mol. Sci. 2015, 16 16942 
 
 
67. Jurić, S.; Mišmaš, A.; Mihić, N.; Barać, A.M.; Habek, M. Newly onset sinus bradycardia in the 
context of multiple sclerosis relapse. Intern. Med. 2012, 51, 1121–1124. 
68. Chagnac, Y.; Martinovits, G.; Tadmor, R.; Goldhammer, Y. Paroxysmal atrial fibrillation 
associated with an attack of multiple sclerosis. Postgrad. Med. J. 1986, 62, 385–387. 
69. Schroth, W.S.; Tenner, S.M.; Rappaport, B.A.; Mani, R. Multiple sclerosis as a cause of atrial 
fibrillation and electrocardiographic changes. Arch. Neurol. 1992, 49, 422–424. 
70. Flachenecker, P.; Toyka, K.V.; Reiners, K. Cardiac arrhythmias in guillain-barre syndrome.  
An overview of the diagnosis of a rare but potentially life-threatening complication. Nervenarzt 
2001, 72, 610–617. 
71. Keller, D.M.; Fadel, P.J.; Harnsberger, M.A.; Remington, G.M.; Frohman, E.M.; Davis, S.L. 
Reduced spontaneous sympathetic nerve activity in multiple sclerosis patients. J. Neurol. Sci. 
2014, 344, 210–214. 
72. Saari, A.; Tolonen, U.; Pääkkö, E.; Suominen, K.; Pyhtinen, J.; Sotaniemi, K.; Myllylä, V. 
Cardiovascular autonomic dysfunction correlates with brain MRI lesion load in MS.  
Clin. Neurophysiol. 2004, 115, 1473–1478. 
73. Tombul, T.; Anlar, O.; Tuncer, M.; Huseyinoglu, N.; Eryonucu, B. Impaired heart rate variability 
as a marker of cardiovascular autonomic dysfunction in multiple sclerosis. Acta Neurol. Belg. 
2011, 111, 116–120. 
74. Gunal, D.I.; Afsar, N.; Tanridag, T.; Aktan, S. Autonomic dysfunction in multiple sclerosis: 
Correlation with disease-related parameters. Eur. Neurol. 2002, 48, 1–5. 
75. Sanya, E.O.; Tutaj, M.; Brown, C.M.; Goel, N.; Neundörfer, B.; Hilz, M.J. Abnormal heart rate 
and blood pressure responses to baroreflex stimulation in multiple sclerosis patients. Clin. Auton. Res. 
2005, 15, 213–218. 
76. Sternberg, Z.; Leung, C.; Sternberg, D.; Li, F.; Karmon, Y.; Chadha, K.; Levy, E. The prevalence 
of the classical and non-classical cardiovascular risk factors in multiple sclerosis patients.  
CNS Neurol. Disord. Drug Targets 2013, 12, 104–111. 
77. Mahovic, D.; Lakusic, N. Progressive impairment of autonomic control of heart rate in patients 
with multiple sclerosis. Arch. Med. Res. 2007, 38, 322–325. 
78. Flachenecker, P.; Reiners, K.; Krauser, M.; Wolf, A.; Toyka, K.V. Autonomic dysfunction in 
multiple sclerosis is related to disease activity and progression of disability. Mult. Scler. 2001, 7, 
327–334. 
79. Karaszewski, J.W.; Reder, A.T.; Anlar, B.; Arnason, G.W. Increased high affinity β-adrenergic 
receptor densities and cyclic AMP responses of CD8 cells in multiple sclerosis. J. Neuroimmunol. 
1993, 43, 1–7. 
80. De Seze, J.; Stojkovic, T.; Gauvrit, J.Y.; Devos, D.; Ayachi, M.; Cassim, F.; Saint Michel, T.; 
Pruvo, J.P.; Guieu, J.D.; Vermersch, P. Autonomic dysfunction in multiple sclerosis: Cervical 
spinal cord atrophy correlates. J. Neurol. 2001, 248, 297–303. 
81. Arata, M.; Sternberg, Z. Transvascular autonomic modulation: A modified balloon  
angioplasty technique for the treatment of autonomic dysfunction in multiple sclerosis patients.  
J. Endovasc. Ther. 2014, 21, 417–428. 
82. Linden, D.; Diehl, R.R.; Kretzschmar, A.; Berlit, P. Autonomic evaluation by means of standard 
tests and power spectral analysis in multiple sclerosis. Muscle Nerve 1997, 20, 809–814. 
Int. J. Mol. Sci. 2015, 16 16943 
 
 
83. Siepmann, T.; Ziemssen, T.; Mueck-Weymann, M.; Kirch, W.; Siepmann, M. The effects of 
venlafaxine on autonomic functions in healthy volunteers. J. Clin. Psychopharmacol. 2007, 27, 
687–691. 
84. McDougall, A.J.; McLeod, J.G. Autonomic nervous system function in multiple sclerosis.  
J. Neurol. Sci. 2003, 215, 79–85. 
85. Illigens, B.M.; Siepmann, T.; Roofeh, J.; Gibbons, C.H. Laser doppler imaging in the detection 
of peripheral neuropathy. Auton. Neurosci. 2013, 177, 286–290. 
86. Siepmann, T.; Gibbons, C.H.; Illigens, B.M.; Lafo, J.A.; Brown, C.M.; Freeman, R. Quantitative 
pilomotor axon reflex test: A novel test of pilomotor function. Arch. Neurol. 2012, 69, 1488–1492. 
87. Pellizzer, A.M.; Straznicky, N.E.; Lim, S.; Kamen, P.W.; Krum, H. Reduced dietary fat intake 
increases parasympathetic activity in healthy premenopausal women. Clin. Exp. Pharmacol. 
Physiol. 1999, 26, 656–660. 
88. Sternberg, Z. Promoting sympathovagal balance in multiple sclerosis; pharmacological,  
non-pharmacological, and surgical strategies. Autoimmun. Rev. 2015, doi: 10.1016/j.autrev. 
2015.04.012. 
89. Mathias, C.J. A 21st century water cure. Lancet 2000, 356, 1046–1048. 
90. Goit, R.K.; Paudel, B.H.; Khadka, R.; Roy, R.K.; Shrewastwa, M.K. Mild-to-moderate intensity 
exercise improves cardiac autonomic drive in type 2 diabetes. J. Diabetes Investig. 2014, 5, 722–727. 
91. James, D.V.; Munson, S.C.; Maldonado-Martin, S.; de Ste Croix, M.B. Heart rate variability: 
Effect of exercise intensity on postexercise response. Res. Q. Exerc. Sport 2012, 83, 533–539. 
92. Prinz-Zaiss, M.; Yeap, A.N.; Moguilevski, V.; Trigg, L.; McGrath, B.P. Power spectral analysis 
of heart rate variability during graded head-up tilting in patients with vasodepressor syncope. 
Clin. Exp. Pharmacol. Physiol. 1995, 22, 472–474. 
93. Lensch, E.; Jost, W.H. Autonomic disorders in multiple sclerosis. Autoimmune Dis. 2011,  
2011, 803841. 
94. Adamec, I.; Habek, M. Autonomic dysfunction in multiple sclerosis. Clin. Neurol. Neurosurg. 
2013, 115 Suppl 1, S73–S78. 
95. Singer, W.; Opfer-Gehrking, T.L.; Nickander, K.K.; Hines, S.M.; Low, P.A. Acetylcholinesterase 
inhibition in patients with orthostatic intolerance. J. Clin. Neurophysiol. 2006, 23, 476–481. 
96. Taneja, I.; Diedrich, A.; Black, B.K.; Byrne, D.W.; Paranjape, S.Y.; Robertson, D. Modafinil 
elicits sympathomedullary activation. Hypertension 2005, 45, 612–618. 
97. Rammohan, K.W.; Rosenberg, J.H.; Lynn, D.J.; Blumenfeld, A.M.; Pollak, C.P.; Nagaraja, H.N. 
Efficacy and safety of modafinil (Provigil®) for the treatment of fatigue in multiple sclerosis:  
A two centre phase 2 study. J. Neurol. Neurosurg. Psychiatry 2002, 72, 179–183. 
98. Kaufmann, H.; Freeman, R.; Biaggioni, I.; Low, P.; Pedder, S.; Hewitt, L.A.; Mauney, J.; 
Feirtag, M.; Mathias, C.J.; Investigators, N. Droxidopa for neurogenic orthostatic hypotension:  
A randomized, placebo-controlled, phase 3 trial. Neurology 2014, 83, 328–335. 
99. Hand, M.F.; Haynes, W.G.; Johnstone, H.A.; Anderton, J.L.; Webb, D.J. Erythropoietin enhances 
vascular responsiveness to norepinephrine in renal failure. Kidney Int. 1995, 48, 806–813. 
100. Chambers, B.; Chambers, J.; Cameron, H.; Macdonell, R. Chronic cerebrospinal venous 
insufficiency is not more prevalent in patients with mild multiple sclerosis: A sonographer-blinded, 
case-control ultrasound study. Mult. Scler. 2013, 19, 749–756. 
Int. J. Mol. Sci. 2015, 16 16944 
 
 
101. Zamboni, P.; Galeotti, R.; Menegatti, E.; Malagoni, A.M.; Tacconi, G.; Dall’Ara, S.;  
Bartolomei, I.; Salvi, F. Chronic cerebrospinal venous insufficiency in patients with multiple 
sclerosis. J. Neurol. Neurosurg. Psychiatry 2009, 80, 392–399. 
102. Baracchini, C.; Valdueza, J.M.; del Sette, M.; Baltgaile, G.; Bartels, E.; Bornstein, N.M.; 
Klingelhoefer, J.; Molina, C.; Niederkorn, K.; Siebler, M.; et al. CCSVI and MS: A statement 
from the european society of neurosonology and cerebral hemodynamics. J. Neurol. 2012, 259, 
2585–2589. 
103. Auriel, E.; Karni, A.; Bornstein, N.M.; Nissel, T.; Gadoth, A.; Hallevi, H. Extra-cranial venous 
flow in patients with multiple sclerosis. J. Neurol. Sci. 2011, 309, 102–104. 
104. Comi, G.; Battaglia, M.A.; Bertolotto, A.; del Sette, M.; Ghezzi, A.; Malferrari, G.; Salvetti, M.; 
Sormani, M.P.; Tesio, L.; Stolz, E.; et al. Observational case-control study of the prevalence of 
chronic cerebrospinal venous insufficiency in multiple sclerosis: Results from the CoSMo study. 
Mult. Scler. 2013, 19, 1508–1517. 
105. Levinthal, D.J.; Rahman, A.; Nusrat, S.; O’Leary, M.; Heyman, R.; Bielefeldt, K. Adding to the 
burden: Gastrointestinal symptoms and syndromes in multiple sclerosis. Mult. Scler. Int. 2013, 
2013, 319201. 
106. Bakke, A.; Myhr, K.M.; Gronning, M.; Nyland, H. Bladder, bowel and sexual dysfunction in 
patients with multiple sclerosis—A cohort study. Scand. J. Urol. Nephrol. Suppl. 1996, 179, 61–66. 
107. Wiesel, P.H.; Norton, C.; Glickman, S.; Kamm, M.A. Pathophysiology and management of 
bowel dysfunction in multiple sclerosis. Eur. J. Gastroenterol. Hepatol. 2001, 13, 441–448. 
108. Munteis, E.; Andreu, M.; Martinez-Rodriguez, J.; Ois, A.; Bory, F.; Roquer, J. Manometric 
correlations of anorectal dysfunction and biofeedback outcome in patients with multiple 
sclerosis. Mult. Scler. 2008, 14, 237–242. 
109. Gulick, E.E. Bowel management related quality of life in people with multiple sclerosis: 
Psychometric evaluation of the QoL-BM measure. Int. J. Nurs. Stud. 2011, 48, 1066–1070. 
110. Norton, C.; Chelvanayagam, S. Bowel problems and coping strategies in people with multiple 
sclerosis. Br. J. Nurs. 2010, 19, 220, 221–226. 
111. Hornby, A. The MS sufferer in the community. Nurs. Times 1978, 74 (Suppl.), 130–131. 
112. Munteis, E.; Andreu, M.; Tellez, M.J.; Mon, D.; Ois, A.; Roquer, J. Anorectal dysfunction in 
multiple sclerosis. Mult. Scler. 2006, 12, 215–218. 
113. Hinds, J.P.; Eidelman, B.H.; Wald, A. Prevalence of bowel dysfunction in multiple sclerosis.  
A population survey. Gastroenterology 1990, 98, 1538–1542. 
114. Preziosi, G.; Raptis, D.A.; Raeburn, A.; Thiruppathy, K.; Panicker, J.; Emmanuel, A. Gut 
dysfunction in patients with multiple sclerosis and the role of spinal cord involvement in the 
disease. Eur. J. Gastroenterol. Hepatol. 2013, 25, 1044–1050. 
115. Swash, M.; Snooks, S.J.; Chalmers, D.H. Parity as a factor in incontinence in multiple sclerosis. 
Arch. Neurol. 1987, 44, 504–508. 
116. Weber, J.; Grise, P.; Roquebert, M.; Hellot, M.F.; Mihout, B.; Samson, M.; Beuret-Blanquart, F.; 
Pasquis, P.; Denis, P. Radiopaque markers transit and anorectal manometry in 16 patients with 
multiple sclerosis and urinary bladder dysfunction. Dis. Colon Rectum 1987, 30, 95–100. 
117. Nathan, P.W.; Smith, M.C. Spinal pathways subserving defaecation and sensation from the lower 
bowel. J. Neurol. Neurosurg. Psychiatry 1953, 16, 245–256. 
Int. J. Mol. Sci. 2015, 16 16945 
 
 
118. Mathers, S.E.; Ingram, D.A.; Swash, M. Electrophysiology of motor pathways for sphincter 
control in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 1990, 53, 955–960. 
119. Snooks, S.J.; Swash, M. Motor conduction velocity in the human spinal cord: Slowed conduction 
in multiple sclerosis and radiation myelopathy. J. Neurol. Neurosurg. Psychiatry 1985, 48,  
1135–1139. 
120. Haldeman, S.; Glick, M.; Bhatia, N.N.; Bradley, W.E.; Johnson, B. Colonometry, cystometry, 
and evoked potentials in multiple sclerosis. Arch. Neurol. 1982, 39, 698–701. 
121. Nordenbo, A.M.; Andersen, J.R.; Andersen, J.T. Disturbances of ano-rectal function in multiple 
sclerosis. J. Neurol. 1996, 243, 445–451. 
122. Glick, M.E.; Meshkinpour, H.; Haldeman, S.; Bhatia, N.N.; Bradley, W.E. Colonic dysfunction 
in multiple sclerosis. Gastroenterology 1982, 83, 1002–1007. 
123. Chia, Y.W.; Gill, K.P.; Jameson, J.S.; Forti, A.D.; Henry, M.M.; Swash, M.; Shorvon, P.J. 
Paradoxical puborectalis contraction is a feature of constipation in patients with multiple 
sclerosis. J. Neurol. Neurosurg. Psychiatry 1996, 60, 31–35. 
124. Gill, K.P.; Chia, Y.W.; Henry, M.M.; Shorvon, P.J. Defecography in multiple sclerosis patients 
with severe constipation. Radiology 1994, 191, 553–556. 
125. Sorensen, M.; Lorentzen, M.; Petersen, J.; Christiansen, J. Anorectal dysfunction in patients with 
urologic disturbance due to multiple sclerosis. Dis. Colon Rectum 1991, 34, 136–139. 
126. Waldron, D.J.; Horgan, P.G.; Patel, F.R.; Maguire, R.; Given, H.F. Multiple sclerosis: 
Assessment of colonic and anorectal function in the presence of faecal incontinence. Int. J. 
Colorectal Dis. 1993, 8, 220–224. 
127. el-Maghraby, T.A.; Shalaby, N.M.; Al-Tawdy, M.H.; Salem, S.S. Gastric motility dysfunction in 
patients with multiple sclerosis assessed by gastric emptying scintigraphy. Can. J. Gastroenterol. 
2005, 19, 141–145. 
128. Krogh, K.; Christensen, P.; Sabroe, S.; Laurberg, S. Neurogenic bowel dysfunction score.  
Spinal Cord 2006, 44, 625–631. 
129. Drossman, D.A. The functional gastrointestinal disorders and the Rome III process. 
Gastroenterology 2006, 130, 1377–1390. 
130. Chen, A.Y.; Frankowski, R.; Bishop-Leone, J.; Hebert, T.; Leyk, S.; Lewin, J.; Goepfert, H. The 
development and validation of a dysphagia-specific quality-of-life questionnaire for patients with 
head and neck cancer: The M.D. Anderson dysphagia inventory. Arch. Otolaryngol. Head  
Neck Surg. 2001, 127, 870–876. 
131. Rockwood, T.H.; Church, J.M.; Fleshman, J.W.; Kane, R.L.; Mavrantonis, C.; Thorson, A.G.; 
Wexner, S.D.; Bliss, D.; Lowry, A.C. Patient and surgeon ranking of the severity of symptoms 
associated with fecal incontinence: The fecal incontinence severity index. Dis. Colon Rectum 
1999, 42, 1525–1532. 
132. DasGupta, R.; Fowler, C.J. Bladder, bowel and sexual dysfunction in multiple sclerosis: 
Management strategies. Drugs 2003, 63, 153–166. 
133. Wiesel, P.H.; Norton, C.; Roy, A.J.; Storrie, J.B.; Bowers, J.; Kamm, M.A. Gut focused 
behavioural treatment (biofeedback) for constipation and faecal incontinence in multiple 
sclerosis. J. Neurol. Neurosurg. Psychiatry 2000, 69, 240–243. 
Int. J. Mol. Sci. 2015, 16 16946 
 
 
134. McClurg, D.; Hagen, S.; Hawkins, S.; Lowe-Strong, A. Abdominal massage for the alleviation of 
constipation symptoms in people with multiple sclerosis: A randomized controlled feasibility 
study. Mult. Scler. 2011, 17, 223–233. 
135. Preziosi, G.; Gosling, J.; Raeburn, A.; Storrie, J.; Panicker, J.; Emmanuel, A. Transanal irrigation 
for bowel symptoms in patients with multiple sclerosis. Dis. Colon Rectum 2012, 55, 1066–1073. 
136. Ashraf, W.; Pfeiffer, R.F.; Park, F.; Lof, J.; Quigley, E.M. Constipation in Parkinson’s disease: 
Objective assessment and response to psyllium. Mov. Disord. 1997, 12, 946–951. 
137. Zangaglia, R.; Martignoni, E.; Glorioso, M.; Ossola, M.; Riboldazzi, G.; Calandrella, D.; 
Brunetti, G.; Pacchetti, C. Macrogol for the treatment of constipation in Parkinson’s disease.  
A randomized placebo-controlled study. Mov. Disord. 2007, 22, 1239–1244. 
138. Rosman, A.S.; Chaparala, G.; Monga, A.; Spungen, A.M.; Bauman, W.A.; Korsten, M.A. 
Intramuscular neostigmine and glycopyrrolate safely accelerated bowel evacuation in patients 
with spinal cord injury and defecatory disorders. Dig. Dis. Sci. 2008, 53, 2710–2713. 
139. House, J.G.; Stiens, S.A. Pharmacologically initiated defecation for persons with spinal cord 
injury: Effectiveness of three agents. Arch. Phys. Med. Rehabil. 1997, 78, 1062–1065. 
140. Bhargava, P.; Mowry, E.M. Gut microbiome and multiple sclerosis. Curr. Neurol. Neurosci. Rep. 
2014, 14, 492. 
141. Deretzi, G.; Kountouras, J.; Grigoriadis, N.; Zavos, C.; Chatzigeorgiou, S.; Koutlas, E.;  
Tsiptsios, I. From the “little brain” gastrointestinal infection to the “big brain” 
neuroinflammation: A proposed fast axonal transport pathway involved in multiple sclerosis. 
Med. Hypotheses 2009, 73, 781–787. 
142. Pedrini, M.J.; Seewann, A.; Bennett, K.A.; Wood, A.J.; James, I.; Burton, J.; Marshall, B.J.; 
Carroll, W.M.; Kermode, A.G. Helicobacter pylori infection as a protective factor against 
multiple sclerosis risk in females. J. Neurol. Neurosurg. Psychiatry 2015, 86, 603–607. 
143. Deretzi, G.; Gavalas, E.; Boziki, M.; Tsiptsios, D.; Polyzos, S.A.; Venizelos, I.; Zavos, C.; 
Koutlas, E.; Tsiptsios, I.; Katsinelos, P.; et al. Impact of Helicobacter pylori on multiple  
sclerosis-related clinically isolated syndrome. Acta Neurol. Scand. 2015, doi:10.1111/ane.12453. 
144. Gavalas, E.; Kountouras, J.; Deretzi, G.; Boziki, M.; Grigoriadis, N.; Zavos, C.; Venizelos, I. 
Helicobacter pylori and multiple sclerosis. J. Neuroimmunol. 2007, 188, 187–189. 
145. Miller, D.H.; Fazekas, F.; Montalban, X.; Reingold, S.C.; Trojano, M. Pregnancy, sex and 
hormonal factors in multiple sclerosis. Mult. Scler. 2014, 20, 527–536. 
146. Tepavcevic, D.K.; Kostic, J.; Basuroski, I.D.; Stojsavljevic, N.; Pekmezovic, T.; Drulovic, J. The 
impact of sexual dysfunction on the quality of life measured by MSQoL-54 in patients with 
multiple sclerosis. Mult. Scler. 2008, 14, 1131–1136. 
147. Zorzon, M.; Zivadinov, R.; Monti Bragadin, L.; Moretti, R.; de Masi, R.; Nasuelli, D.;  
Cazzato, G. Sexual dysfunction in multiple sclerosis: A 2-year follow-up study. J. Neurol. Sci. 
2001, 187, 1–5. 
148. Celik, D.B.; Poyraz, E.C.; Bingol, A.; Idiman, E.; Ozakbas, S.; Kaya, D. Sexual dysfunction in 
multiple sclerosis: Gender differences. J. Neurol. Sci. 2013, 324, 17–20. 
149. Demirkiran, M.; Sarica, Y.; Uguz, S.; Yerdelen, D.; Aslan, K. Multiple sclerosis patients with 
and without sexual dysfunction: Are there any differences? Mult. Scler. 2006, 12, 209–214. 
Int. J. Mol. Sci. 2015, 16 16947 
 
 
150. Zorzon, M.; Zivadinov, R.; Bosco, A.; Bragadin, L.M.; Moretti, R.; Bonfigli, L.; Morassi, P.; 
Iona, L.G.; Cazzato, G. Sexual dysfunction in multiple sclerosis: A case-control study. I. 
Frequency and comparison of groups. Mult. Scler. 1999, 5, 418–427. 
151. Lew-Starowicz, M.; Rola, R. Prevalence of sexual dysfunctions among women with multiple 
sclerosis. Sex. Disabil. 2013, 31, 141–153. 
152. Donze, C.; Hautecoeur, P. Urinary, sexual, and bowel disorders in early-stage multiple sclerosis. 
Rev. Neurol. 2009, 165 (Suppl. 4), S148–S155. 
153. Tzortzis, V.; Skriapas, K.; Hadjigeorgiou, G.; Mitsogiannis, I.; Aggelakis, K.; Gravas, S.; 
Poulakis, V.; Melekos, M.D. Sexual dysfunction in newly diagnosed multiple sclerosis women. 
Mult. Scler. 2008, 14, 561–563. 
154. Merghati-Khoei, E.; Qaderi, K.; Amini, L.; Korte, J.E. Sexual problems among women with 
multiple sclerosis. J. Neurol. Sci. 2013, 331, 81–85. 
155. Bagnato, F.; Centonze, D.; Galgani, S.; Grasso, M.G.; Haggiag, S.; Strano, S. Painful and 
involuntary multiple sclerosis. Expert Opin. Pharmacother. 2011, 12, 763–777. 
156. Sanders, A.S.; Foley, F.W.; LaRocca, G.L.; Zemon, V. The multiple sclerosis intimacy and 
sexuality questionnaire-19 (MSISQ-19). Sex. Disabil. 2000, 18, 3–26. 
157. Orasanu, B.; Frasure, H.; Wyman, A.; Mahajan, S.T. Sexual dysfunction in patients with multiple 
sclerosis. Mult. Scler. Relat. Disord. 2013, 2, 117–123. 
158. Ghezzi, A.; Malvestiti, G.M.; Baldini, S.; Zaffaroni, M.; Zibetti, A. Erectile impotence in 
multiple sclerosis: A neurophysiological study. J. Neurol. 1995, 242, 123–126. 
159. Staerman, F.; Guiraud, P.; Coeurdacier, P.; Menard, D.; Edan, G.; Lobel, B. Value of nocturnal 
penile tumescence and rigidity (NPTR) recording in impotent patients with multiple sclerosis. 
Int. J. Impot. Res. 1996, 8, 241–245. 
160. Redelman, M.J. Sexual difficulties for persons with multiple sclerosis in new south wales, 
australia. Int. J. Rehabil. Res. 2009, 32, 337–347. 
161. Hulter, B.M.; Lundberg, P.O. Sexual function in women with advanced multiple sclerosis.  
J. Neurol. Neurosurg. Psychiatry 1995, 59, 83–86. 
162. Minderhoud, J.M.; Leemhuis, J.G.; Kremer, J.; Laban, E.; Smits, P.M. Sexual disturbances 
arising from multiple sclerosis. Acta Neurol. Scand. 1984, 70, 299–306. 
163. Fragala, E.; Privitera, S.; Giardina, R.; di Rosa, A.; Russo, G.I.; Favilla, V.; Caramma, A.;  
Patti, F.; Cimino, S.; Morgia, G. Determinants of sexual impairment in multiple sclerosis in male 
and female patients with lower urinary tract dysfunction: Results from an italian cross-sectional 
study. J. Sex. Med. 2014, 11, 2406–2413. 
164. Ashtari, F.; Rezvani, R.; Afshar, H. Sexual dysfunction in women with multiple sclerosis: 
Dimensions and contributory factors. J. Res. Med. Sci. 2014, 19, 228–233. 
165. Valleroy, M.L.; Kraft, G.H. Sexual dysfunction in multiple sclerosis. Arch. Phys. Med. Rehabil. 
1984, 65, 125–128. 
166. Betts, C.D.; Jones, S.J.; Fowler, C.G.; Fowler, C.J. Erectile dysfunction in multiple sclerosis. 
Associated neurological and neurophysiological deficits, and treatment of the condition. Brain 
1994, 117 Pt 6, 1303–1310. 
Int. J. Mol. Sci. 2015, 16 16948 
 
 
167. Borello-France, D.; Leng, W.; O’Leary, M.; Xavier, M.; Erickson, J.; Chancellor, M.B.;  
Cannon, T.W. Bladder and sexual function among women with multiple sclerosis. Mult. Scler. 
2004, 10, 455–461. 
168. Foley, F.W.; LaRocca, N.G.; Sanders, A.S.; Zemon, V. Rehabilitation of intimacy and sexual 
dysfunction in couples with multiple sclerosis. Mult. Scler. 2001, 7, 417–421. 
169. Sadovnick, A.D.; Remick, R.A.; Allen, J.; Swartz, E.; Yee, I.M.; Eisen, K.; Farquhar, R.; 
Hashimoto, S.A.; Hooge, J.; Kastrukoff, L.F.; et al. Depression and multiple sclerosis. Neurology 
1996, 46, 628–632. 
170. Zivadinov, R.; Zorzon, M.; Bosco, A.; Bragadin, L.M.; Moretti, R.; Bonfigli, L.; Iona, L.G.; 
Cazzato, G. Sexual dysfunction in multiple sclerosis: II. Correlation analysis. Mult. Scler. 1999, 
5, 428–431. 
171. Mohammadi, K.; Rahnama, P.; Mohseni, S.M.; Sahraian, M.A.; Montazeri, A. Determinants of 
sexual dysfunction in women with multiple sclerosis. BMC Neurol. 2013, 13, 83. 
172. Lew-Starowicz, M.; Rola, R. Correlates of sexual function in male and female patients with 
multiple sclerosis. J. Sex. Med. 2014, 11, 2172–2180. 
173. Gumus, H.; Akpinar, Z.; Yilmaz, H. Effects of multiple sclerosis on female sexuality:  
A controlled study. J. Sex. Med. 2014, 11, 481–486. 
174. Nortvedt, M.W.; Riise, T.; Frugard, J.; Mohn, J.; Bakke, A.; Skar, A.B.; Nyland, H.; Glad, S.B.; 
Myhr, K.M. Prevalence of bladder, bowel and sexual problems among multiple sclerosis patients 
two to five years after diagnosis. Mult. Scler. 2007, 13, 106–112. 
175. Rosen, R.C.; Lane, R.M.; Menza, M. Effects of ssris on sexual function: A critical review.  
J. Clin. Psychopharmacol. 1999, 19, 67–85. 
176. Christopherson, J.M.; Moore, K.; Foley, F.W.; Warren, K.G. A comparison of written  
materials vs. materials and counselling for women with sexual dysfunction and multiple sclerosis.  
J. Clin. Nurs. 2006, 15, 742–750. 
177. Clayton, A.H.; Pradko, J.F.; Croft, H.A.; Montano, C.B.; Leadbetter, R.A.; Bolden-Watson, C.; 
Bass, K.I.; Donahue, R.M.; Jamerson, B.D.; Metz, A. Prevalence of sexual dysfunction among 
newer antidepressants. J. Clin. Psychiatry 2002, 63, 357–366. 
178. Kessler, T.M.; Fowler, C.J.; Panicker, J.N. Sexual dysfunction in multiple sclerosis.  
Expert Rev. Neurother. 2009, 9, 341–350. 
179. Safarinejad, M.R. Evaluation of endocrine profile, hypothalamic-pituitary-testis axis and semen 
quality in multiple sclerosis. J. Neuroendocrinol. 2008, 20, 1368–1375. 
180. Barak, Y.; Achiron, A.; Elizur, A.; Gabbay, U.; Noy, S.; Sarova-Pinhas, I. Sexual dysfunction in 
relapsing-remitting multiple sclerosis: Magnetic resonance imaging, clinical, and psychological 
correlates. J. Psychiatry Neurosci. 1996, 21, 255–258. 
181. Zorzon, M.; Zivadinov, R.; Locatelli, L.; Stival, B.; Nasuelli, D.; Bratina, A.; Bosco, A.; 
Tommasi, M.A.; Pozzi Mucelli, R.S.; Ukmar, M.; et al. Correlation of sexual dysfunction and 
brain magnetic resonance imaging in multiple sclerosis. Mult. Scler. 2003, 9, 108–110. 
182. Foster, S.C.; Daniels, C.; Bourdette, D.N.; Bebo, B.F., Jr. Dysregulation of the  
hypothalamic-pituitary-gonadal axis in experimental autoimmune encephalomyelitis and multiple 
sclerosis. J. Neuroimmunol. 2003, 140, 78–87. 
Int. J. Mol. Sci. 2015, 16 16949 
 
 
183. Trenova, A.G.; Manova, M.M.; Zahariev, Z.I.; Vasileva, T.V. Female sex hormones and multiple 
sclerosis. Folia Med. 2004, 46, 11–15. 
184. Lombardi, G.; Celso, M.; Bartelli, M.; Cilotti, A.; del Popolo, G. Female sexual dysfunction and 
hormonal status in multiple sclerosis patients. J. Sex. Med. 2011, 8, 1138–1146. 
185. Hartmann, U.; Burkart, M. Strategies for talking to the patient with sexual dysfunction in the 
doctor’s office. MMW Fortschr. Med. 2006, 148, 48–50. 
186. Ritvo, P.G.F., J.S.; Miller, D.M.; Andrew, H.; Paty, D.W.; LaRocca, N.G. The Multiple Sclerosis 
Quality of Life Inventory: A User’s Manual; National Multiple Sclerosis Society: New York, NY, 
USA, 1997. 
187. Forbes, M.K.; Baillie, A.J.; Schniering, C.A. Critical flaws in the female sexual function index 
and the international index of erectile function. J. Sex Res. 2014, 51, 485–491. 
188. Gruenwald, I.; Vardi, Y.; Gartman, I.; Juven, E.; Sprecher, E.; Yarnitsky, D.; Miller, A. Sexual 
dysfunction in females with multiple sclerosis: Quantitative sensory testing. Mult. Scler. 2007, 
13, 95–105. 
189. Yang, C.C.; Bowen, J.R.; Kraft, G.H.; Uchio, E.M.; Kromm, B.G. Cortical evoked potentials of 
the dorsal nerve of the clitoris and female sexual dysfunction in multiple sclerosis. J. Urol. 2000, 
164, 2010–2013. 
190. Lombardi, G.; Nelli, F.; Celso, M.; Mencarini, M.; del Popolo, G. Treating erectile dysfunction 
and central neurological diseases with oral phosphodiesterase type 5 inhibitors. Review of the 
literature. J. Sex. Med. 2012, 9, 970–985. 
191. Lombardi, G.; Macchiarella, A.; del Popolo, G. Efficacy and safety of tadalafil for erectile 
dysfunction in patients with multiple sclerosis. J. Sex. Med. 2010, 7, 2192–2200. 
192. Hirsch, I.H.; Smith, R.L.; Chancellor, M.B.; Bagley, D.H.; Carsello, J.; Staas, W.E., Jr. Use of 
intracavernous injection of prostaglandin E1 for neuropathic erectile dysfunction. Paraplegia 
1994, 32, 661–664. 
193. Heller, L.; Keren, O.; Aloni, R.; Davidoff, G. An open trial of vacuum penile tumescence: 
Constriction therapy for neurological impotence. Paraplegia 1992, 30, 550–553. 
194. Soler, J.M.; Previnaire, J.G.; Plante, P.; Denys, P.; Chartier-Kastler, E. Midodrine improves 
ejaculation in spinal cord injured men. J. Urol. 2007, 178, 2082–2086. 
195. Chehensse, C.; Bahrami, S.; Denys, P.; Clement, P.; Bernabe, J.; Giuliano, F. The spinal control 
of ejaculation revisited: A systematic review and meta-analysis of anejaculation in spinal cord 
injured patients. Hum. Reprod. Update 2013, 19, 507–526. 
196. Crayton, H.J.; Rossman, H.S. Managing the symptoms of multiple sclerosis: A multimodal 
approach. Clin. Ther. 2006, 28, 445–460. 
197. Guo, Z.N.; He, S.Y.; Zhang, H.L.; Wu, J.; Yang, Y. Multiple sclerosis and sexual dysfunction. 
Asian J. Androl. 2012, 14, 530–535. 
198. Dasgupta, R.; Wiseman, O.J.; Kanabar, G.; Fowler, C.J.; Mikol, D. Efficacy of sildenafil in the 
treatment of female sexual dysfunction due to multiple sclerosis. J. Urol. 2004, 171, 1189–1193. 
199. Zemishlany, Z.; Weizman, A. The impact of mental illness on sexual dysfunction.  
Adv. Psychosom. Med. 2008, 29, 89–106. 
Int. J. Mol. Sci. 2015, 16 16950 
 
 
200. Lucio, A.C.; D’Ancona, C.A.; Lopes, M.H.; Perissinotto, M.C.; Damasceno, B.P. The effect of 
pelvic floor muscle training alone or in combination with electrostimulation in the treatment of 
sexual dysfunction in women with multiple sclerosis. Mult. Scler. 2014, 20, 1761–1768. 
201. Giannantoni, A.; Proietti, S.; Giusti, G.; Gubbiotti, M.; Millefiorini, E.; Costantini, E.; Berardelli, A.; 
Conte, A. OnabotulinumtoxinA intradetrusorial injections improve sexual function in female 
patients affected by multiple sclerosis: Preliminary results. World J. Urol. 2015, doi: 10.1007/ 
s00345-015-1578-4. 
202. Leiblum, S.R.; Wiegel, M. Psychotherapeutic interventions for treating female sexual 
dysfunction. World J. Urol. 2002, 20, 127–136. 
203. Marrie, R.A.; Horwitz, R.; Cutter, G.; Tyry, T.; Campagnolo, D.; Vollmer, T. The burden of 
mental comorbidity in multiple sclerosis: Frequent, underdiagnosed, and undertreated.  
Mult. Scler. 2009, 15, 385–392. 
204. McCombe, P.A.; Greer, J.M. Female reproductive issues in multiple sclerosis. Mult. Scler. 2013, 
19, 392–402. 
205. Cil, A.P.; Leventoglu, A.; Sonmezer, M.; Soylukoc, R.; Oktay, K. Assessment of ovarian reserve 
and doppler characteristics in patients with multiple sclerosis using immunomodulating drugs.  
J. Turk. Ger. Gynecol. Assoc. 2009, 10, 213–219. 
206. Thone, J.; Kollar, S.; Nousome, D.; Ellrichmann, G.; Kleiter, I.; Gold, R.; Hellwig, K. Serum 
anti-mullerian hormone levels in reproductive-age women with relapsing-remitting multiple 
sclerosis. Mult. Scler. 2015, 21, 41–47. 
207. Cavalla, P.; Rovei, V.; Masera, S.; Vercellino, M.; Massobrio, M.; Mutani, R.; Revelli, A. 
Fertility in patients with multiple sclerosis: Current knowledge and future perspectives.  
Neurol. Sci. 2006, 27, 231–239. 
208. Saari, A.; Tolonen, U.; Pääkkö, E.; Suominen, K.; Jauhiainen, J.; Sotaniemi, K.A.; Myllylä, V.V. 
Sweating impairment in patients with multiple sclerosis. Acta Neurol. Scand. 2009, 120, 358–363. 
209. Noronha, M.J.; Vas, C.J.; Aziz, H. Autonomic dysfunction (sweating responses) in multiple 
sclerosis. J. Neurol. Neurosurg. Psychiatry 1968, 31, 19–22. 
210. Davis, S.L.; Wilson, T.E.; White, A.T.; Frohman, E.M. Thermoregulation in multiple sclerosis.  
J. Appl. Physiol. 2010, 109, 1531–1537. 
211. Saari, A.; Tolonen, U.; Pääkkö, E.; Suominen, K.; Pyhtinen, J.; Sotaniemi, K.A.; Jauhiainen, J.; 
Myllylä, V.V. Sympathetic skin responses in multiple sclerosis. Acta Neurol. Scand. 2008, 118, 
226–231. 
212. Elie, B.; Louboutin, J.P. Sympathetic skin response (SSR) is abnormal in multiple sclerosis. 
Muscle Nerve 1995, 18, 185–189. 
213. Gutrecht, J.A.; Suarez, G.A.; Denny, B.E. Sympathetic skin response in multiple sclerosis.  
J. Neurol. Sci. 1993, 118, 88–91. 
214. Kale, N.; Magana, S.; Agaoglu, J.; Tanik, O. Assessment of autonomic nervous system 
dysfunction in multiple sclerosis and association with clinical disability. Neurol. Int. 2009, 1, e5. 
215. Low, P.A. Evaluation of sudomotor function. Clin. Neurophysiol. 2004, 115, 1506–1513. 
216. Namerow, N.S. Temperature effect on critical flicker fusion in multiple sclerosis. Arch. Neurol. 
1971, 25, 269–275. 
Int. J. Mol. Sci. 2015, 16 16951 
 
 
217. Davis, F.A. Axonal conduction studies based on some considerations of temperature effects in 
multiple sclerosis. Electroencephalogr. Clin. Neurophysiol. 1970, 28, 281–286. 
218. Rasminsky, M. The effects of temperature on conduction in demyelinated single nerve fibers. 
Arch. Neurol. 1973, 28, 287–292. 
219. Guthrie, T.C.; Nelson, D.A. Influence of temperature changes on multiple sclerosis: Critical 
review of mechanisms and research potential. J. Neurol. Sci. 1995, 129, 1–8. 
220. Shibasaki, M.; Wilson, T.E.; Crandall, C.G. Neural control and mechanisms of eccrine sweating 
during heat stress and exercise. J. Appl. Physiol. 2006, 100, 1692–1701. 
221. Davis, S.L.; Wilson, T.E.; Vener, J.M.; Crandall, C.G.; Petajan, J.H.; White, A.T.  
Pilocarpine-induced sweat gland function in individuals with multiple sclerosis. J. Appl. Physiol. 
2005, 98, 1740–1744. 
222. Illigens, B.M.; Gibbons, C.H. Sweat testing to evaluate autonomic function. Clin. Auton. Res. 
2009, 19, 79–87. 
223. Saari, A.; Tolonen, U.; Pääkkö, E.; Suominen, K.; Jauhiainen, J.; Sotaniemi, K.A.; Myllylä, V.V. 
Sudomotor dysfunction in patients with optic neuritis. Clin. Auton. Res. 2010, 20, 199–204. 
224. Low, P.A.; Caskey, P.E.; Tuck, R.R.; Fealey, R.D.; Dyck, P.J. Quantitative sudomotor axon 
reflex test in normal and neuropathic subjects. Ann. Neurol. 1983, 14, 573–580. 
225. Freeman, R. Autonomic peripheral neuropathy. Lancet 2005, 365, 1259–1270. 
226. Gibbons, C.H.; Illigens, B.M.; Centi, J.; Freeman, R. QDIRT: Quantitative direct and indirect test 
of sudomotor function. Neurology 2008, 70, 2299–2304. 
227. White, A.T.; Wilson, T.E.; Davis, S.L.; Petajan, J.H. Effect of precooling on physical 
performance in multiple sclerosis. Mult. Scler. 2000, 6, 176–180. 
228. Ku, Y.T.; Montgomery, L.D.; Wenzel, K.C.; Webbon, B.W.; Burks, J.S. Physiologic and thermal 
responses of male and female patients with multiple sclerosis to head and neck cooling. Am. J. 
Phys. Med. Rehabil. 1999, 78, 447–456. 
229. Beenakker, E.A.; Oparina, T.I.; Hartgring, A.; Teelken, A.; Arutjunyan, A.V.; de Keyser, J. 
Cooling garment treatment in MS: Clinical improvement and decrease in leukocyte no 
production. Neurology 2001, 57, 892–894. 
230. Ku, Y.T.; Montgomery, L.D.; Lee, H.C.; Luna, B.; Webbon, B.W. Physiologic and functional 
responses of MS patients to body cooling. Am. J. Phys. Med. Rehabil. 2000, 79, 427–434. 
231. Judge, S.I.; Bever, C.T. Potassium channel blockers in multiple sclerosis: Neuronal Kv channels 
and effects of symptomatic treatment. Pharmacol. Ther. 2006, 111, 224–259. 
232. De Seze, J.; Arndt, C.; Stojkovic, T.; Ayachi, M.; Gauvrit, J.Y.; Bughin, M.; Saint Michel, T.; 
Pruvo, J.P.; Hache, J.C.; Vermersch, P. Pupillary disturbances in multiple sclerosis: Correlation 
with MRI findings. J. Neurol. Sci. 2001, 188, 37–41. 
233. Van Diemen, H.A.; van Dongen, M.M.; Nauta, J.J.; Lanting, P.; Polman, C.H. Pupillary light 
reflex latency in patients with multiple sclerosis. Electroencephalogr. Clin. Neurophysiol. 1992, 
82, 213–219. 
234. Cox, T.A.; Thompson, H.S.; Corbett, J.J. Relative afferent pupillary defects in optic neuritis.  
Am. J. Ophthalmol. 1981, 92, 685–690. 
Int. J. Mol. Sci. 2015, 16 16952 
 
 
235. Blazek, P.; Davis, S.L.; Greenberg, B.M.; Conger, A.; Conger, D.; Vernino, S.; Beh, S.;  
Stuve, O.; Saidha, S.; Ratchford, J.N.; et al. Objective characterization of the relative afferent 
pupillary defect in MS. J. Neurol. Sci. 2012, 323, 193–200. 
236. Surakka, J.; Ruutiainen, J.; Romberg, A.; Puukka, P.; Kronholm, E.; Karanko, H. Pupillary 
function in early multiple sclerosis. Clin. Auton. Res. 2008, 18, 150–154. 
237. Pozzessere, G.; Rossi, P.; Valle, E.; Froio, C.P.; Petrucci, A.F.; Morocutti, C. Autonomic 
involvement in multiple sclerosis: A pupillometric study. Clin. Auton. Res. 1997, 7, 315–319. 
238. Moro, S.I.; Rodriguez-Carmona, M.L.; Frost, E.C.; Plant, G.T.; Barbur, J.L. Recovery of vision 
and pupil responses in optic neuritis and multiple sclerosis. Ophthalmic. Physiol. Opt. 2007, 27, 
451–460. 
239. Cox, T.A. Relative afferent pupillary defects in multiple sclerosis. Can. J. Ophthalmol. 1989, 24, 
207–210. 
240. Salter, A.R.; Conger, A.; Frohman, T.C.; Zivadinov, R.; Eggenberger, E.; Calabresi, P.;  
Cutter, G.; Balcer, L.; Frohman, E.M. Retinal architecture predicts pupillary reflex metrics in 
MS. Mult. Scler. 2009, 15, 479–486. 
241. Lindauer, A.; Siepmann, T.; Oertel, R.; Jung, A.; Ziemssen, T.; Jaehde, U.; Kirch, W.;  
Siepmann, M. Pharmacokinetic/pharmacodynamic modelling of venlafaxine: Pupillary light 
reflex as a test system for noradrenergic effects. Clin. Pharmacokinet. 2008, 47, 721–731. 
242. Bos, J.E.F., J.M.; Reulen, J.P.H.; van Lith, G.H.M. Pupil constriction and visual evoked potential 
latency in optic neuritis. Neuro-Ophthalmology 1990, 10, 187–196. 
243. Thompson, H.S.; Corbett, J.J.; Cox, T.A. How to measure the relative afferent pupillary defect. 
Surv. Ophthalmol. 1981, 26, 39–42. 
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 
 
